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}‘ COMPUTER PROGRAMS

] :‘

| \| GENERAL

| A family of computer programs provide the capability
to examine life and uncertainty distributions at levels
ranging from a specific failure mode of an individual de-
vice to a complete system of substantial complexity. All
of the programs were written in the BASIC language (as im-

plemented on the CDC Cybernet/Kronos time sharing system)
in order to provide interactive-mode capabilities.
}

The family includes the following:

. COMP1 -- A program specifically tailored to 97
device types and/or failure modes included in the
systems analyzed. For each device or failure
mode, the program yields the median and 5 percent
lower bound on reliability and the parameters of
a beta distribution sharing those fractiles, for
any desired point(s) in a mission.

|

|

:

|

|

!

|

b . BETSBl1 -- A program that accepts reliability/
uncertainty descriptions (in beta-distribution
form) for a group of components that are either
identical or independent and have either a strict-
lv series or a strictly parallel-redundant rela-
tionship. The output is a reliability/uncertainty
description of the group in the form of moments
cf the distribution and the parameters of a beta
distribution possessing those moment values.¥*

This program was developed under Contract No. N00123-74-C-1799
with the Naval Weapons Center, China Lake, California, and

is described in NWC TP 5748, "Rocket-Ramjet Cost and Re-
liability Prediction Methodologies", July, 1975, the final
technical report under that contract. Further discussion

of the use of the Beta distribution is provided in Appendix B.




. BETSB2 -~ Analogous to BETSBl, but designed for
independent components in m-of-n redundant con-
figuration.

. BETSB3 -- Also analogous to BETSBl, but designed
for identical components in m~cf-n redundant con-
figuration.

. BETFTA -- This program provides the capabilities
of BETSBl, expanded to allow concurrent analysis
of groups of the four kinds (series-independent,
series~identical, parallel-independent, parallel-
identical). The input is in fault-tree terms;
up to 20 levels and 100 events per level are al-
lowed. Inhibit gates (with conditioning proba-
bilities) also are accommodated. Lowest-level
(component, failure mode) inputs are required to
be in the form of beta-distribution parameters.
M-of-n redundant configurations must be prepro-
cessed (via BETSB2 or BETSB3, as appropriate);
the result then may be treated as a basic event.

. BETALl -- This program is intended primarily for
use at high levels (systems and major subsystems),
although it may be used for any configuration
whose elements are independent and in series. 1In
addition to inputs as required for BETSBl, this
program requires the cost of the next test for
each element. The output, in addition to moments
and parameters of a fitted beta distribution, in-
cludes identification of the element which, if
tested next, would yield the maximum information
gain (in terms of reduction in expected variance)
per unit test cost; the corresponding amount of
information gain, and that expected if the entire
aggregate were tested next; and, via numerical
integration of the fitted beta distribution, the
5, 10, and 20 percent lower bounds on the re-
liability of the aggregate. This program thus
can be used for est planning/test resource allo-
cation in advance of testing and, with minor
manual intervention, as a real-time test planning
tool.

Listings and short descriptions of each program follow.
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PROGRAM DESCRIPTIONS

COMP1

This program will be described in somewhat greater
detail than the others in view of its specificity, which
will make it necessary to modify the program if components
or failure rate estimates other than those provided are to
be accommodated.

As noted above, program COMPl is designed to calculate
reliability descriptors for each of a fixed list of
components/failure modes. Each component may he evaluated
for any desired point during a mission with exposure mea-
sured in terms of mission time, operating time, number of
pulses, or other measure, as appropriate for that component.
The required measire(s) are identified by the program as
the computation proceeds.

For most components, the required parameters are storead
in final form. For some components, the parameters are
calculated from design factors (e.g., design life) that must
be input when requested. Each component/failure mode must
be identified using the 2-4 characte: alphanumeric code
indicated in Table 9 immediately foilowing the COMPl program
listing.

Program output consists of the median and 5 percent
lower bound of the reliabilily uncertainty distribution and
of the parameters (alpha, beta) of an approximating beta
distril ution to those fractiles. Caveats also are displayed,
as necessary, in the course of the interactive routine.

In some cases, the component life and uncertainty
models are such that the 5 percent lower bound (RO in the
program) coincides with or exceeds the median (R5) at ex-
tremely early and/c. extremely late points in a mission.
Coincidence also can occur due to computation resolution
limitation when the reliability is very near 1 or 0. Most
such occurrences have been anticipated and caveats as well
as provisions to avoid program termination incorporated.
Occasionally, error messages (e.q., "attempt to divide by
zero" or "negative argument in loy function) and program
termination may be encountered.

The foliowing description is keyed to the program
listing in terms of blocks of statements:

I11-3




30-127

201-209

210-252

300-1234

2000-2876

2000-2026

2030-2056

2060-2098

2130-2154

2160-2190

The dual-subseript variables, W(I,J), are
assigned valucss for subsequent use in de-
coding component labels and invoking the
appropriate sequence of parameter assignment
and c¢xercise of life and uncertainty models.

The component label, a 2-4 character alpha-
numeric string, is requested, input, and
translated into a unique I, J subscript pair.
I is the display value of the first string
character; J, the sum of the display values
of the remaining characters.

C=W(I,J) is used to select the appropriate
"ON...GOTO..." statement and thus the state-
ment to which control is transferred. If
"ZZ" has been input deliberately, or a string
without valid interpretation has been input
accidentally, the program terminates via a
"No such component" message at 99998,

Each group of statements begins with a state-
ment number that is a multiple >f 10. Each
such group contains distribution parameters,
requests for design information and special
comments as needed, and "GOTO..." statements
leading directly or indirectly to the appro-
priate life/uncertainty model.

Blocks of statements within this range deal
with specific models as indicated below.

Exponential life distribution involving
operating time.

Exponential life distribution involving
"pressurized"” time.

Exponential life distribution involving
number of cycles.

Weibull life distribution (3-paramecer)
involving operating time.

Weibull life distribution (3-parameter) in-

volving operating time and exponential life
distribution involving operating time.
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2200-2226

2230-2268

2270-2308

2310-2366

2370-2384

2400-2430

2440-2480

2500-2542

2550-2568

2580-2624

Exponential life distribution involving
mission time.

Exponential life distribution involving
mission time and exponential distribution
involving number of cycles.

Exponential life distribution involving
operating time and exponential distribution
involving dormant time (obtained by sub-
tracting operating time from mission time)
and exponential distribution involving num-
ber of cycles.

Weibull life distribution (2-parameter) in-
volving mission time and Weibull distribution
(2-parameter) involving oeprating time and
Weibull distribution (2-parameter) involving
number of cycles.

Exponential life distribution involving
operating time and exponential life dis-
tribution involving mission time,

Weibull life distribution (3-parameter) in-
volving mission time and exponential distri-
bution involving mission time.

Weibull life distribution (3-parameter) in-
volving operating time and exponential
distribution involving number of cycles and
fixed fraction capable of success.

Weibull life distribution (3-paramecter) in-
volving operating time and Weibull distri-
bution (2-parameter) involving number of
cycles.

Weibull life distribution (2-parameter) in-
volving operating time and Weibull distri-
bution (2-parameter, shape parameter same)
involving number of cycles and Weibull
distribution (2-paramecer, shap¢ parameter
fixed at 3.0) involving number of cold starts.

Weibull life distribution (2-parameter) in-
volving operating time and Weibull distri-
bution (2-parameter, shape parameter same)
involving number of cycles and exponential
distribution involving dormant time (obtained
by subtracting operating time trom mission time.

I1T-5




S oy

2640-2704

2710-2746

2750-2774

2810-2834

2860-2876

3000-3310

3001-3003

3004-3009

3010-3094

Expcnential life distribution involving
operating time and normal distribution
(coefficient of variation fixed at 1/3)
involving operating time and normal distri-
bution (coefficient of variation fixed at
1/3) involving number of cycles.

Exponential life distribution involving
mission time and normal distribution
(coefficient of variation fixed at 0.15)
involving mission time; failure by normal-
distribution mechanism restricted to pre-
defined subpopulation; special preset

flags for apportionment among failure modes.

Lognormal life distribution (log standard
deviation fixed at 0.3991) involving mis-
sion time to firing (mission time elapsed
before actuation).

Exponential life distribution involving
number of operating pulses and normal dis-
tribution involving number of operating pulses.

¥xponential life distribution involving
dormant time (obtained by subtracting
operating time from mission time).

This series of statements provides approxi-
mations for fitting a beta distribution to
the RO, R5 values. The following blocks of
statements deal with matters of special in-
terest as indicated.

In the approximations used, the dividing line
between positive and negative values of

beta corresnonds to 50=0.89146, and com-
putations are split accordingly.

If RO equals or exceeds R5, there are de-
generacy (tail-crossing) problems as
discussed previously. Appropriate messages
are proviced, and calculations are bypassed.

For negative values of beta, a piecewise-
linear appruximation is used. For beta less
than -0.91, the approximation yields ques-
tionable alpha values as indicated by the
programmed message.
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3100-3310 For positive values of beta, the approximation
used requires iterative calculations. The
range for iteration is bounded, and a variable-
increment procedures is used to limit the num-
ber of iterations required.

4000-4050 This block of statements embodies the infinite-
series equivalent of the cumulative normal
distribution. The series is truncated when
the absolute value of the next term is on
the order of 0.000001 or when 40 terms have
been included; the series converges rapidly
except at large distances from the mean.

When the distance from the mean exceeds five
standard deviations, the result is forced to
0.99999999 or 0.00000001 as appropriate.

The program also may be used, with minor modifications,
to obtain the parameters of the fitted beta distribution
for inputs consisting of R, g5 (RO) and R 5 (R5). It is
necessary only to overlay the following statements:

7 GOTO 5000

5000 PRINT "INPUT R.05, R.5 (0,0=END)"
5002 INPUT RO, RS

5004 IF RO=0 THEN 99999

5006 GOSUB 3000

5008 PRINT

5010 PRINT USINCG 2, RO, R5, AO, BO
5012 PRINT

5014 GOTO 5002

This modification will be referred to as BETAP 1.
BETSB1

This program, and those that follow, should be run in
double precision mode if that feature is available (2.g.,
in IBM CALL-0S, where the corresponding command is "BASICL").
A reminder to that effect is printed following the "RUN"
command. The feature is not available and not needed on
CDC Cybernet/Kronos.

While this program is largely self-explanatory in

execution, a description in terms of the inputs requested
by the program may be helpfu.
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. TYPE OF INPUT (1-PARAM, 2=MEAN&VAR)
As indicated, there is an option of input in
terms of beta distribution parameters (alpha
and beta, e.g., from COMPl}) or in terms of the
mean and variance of the beta distribution.

. HOW MANY COMPONENTS?
The actual rumber of components (or failure
modes) contained in the aggregate being examined.
(For more than 10 components, it is necessary to
add the statement 6 DIM A(**), B(**) where ** jisg
a number exceeding the number of components by 1.)

. INDEPENDENT=1, IDENTICAL=2
The response should be "2" only if all components
not only have identical failure rate expectations
and variances, but are of the same type (e.qg.,
composition resistors of the same rating and
resistance value and hence likely to come from
the same manufacturing lot).

SERIES=1, QREDUNDANT=2
Respond in accordance with the configuration
being evaluated.

VALUES
Respond ***, ** using alpha and beta or mean and
variance, as previously indicated.

BETSB2

From the user's standpoint, this program is similar
to BETSBl; however, it handles only the case of indepen-
dent components in m~of-n redundant configuration. The
salient differences are:

. HOW MANY REQUIRED?
Is an additional prompting statement; the re-
sponse is the numerical value of m.

. Neither the series/redundant nor the independent/

identical question will appear, the answer being
implicit in the choice of this program.
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. Twenty components are allowed by DIM statements
at 140 and 142. A large number of good/bad state
permutaticns are implicit; if that number is
exceeded, a statement indicating the need for
modification of the DIM statement at 142 will
appear, as well as an indication of the numerical
value required to be substituted.

BETSB3

This program handles identical components in m-of-n
redundant configuration. The prompting statements are
identical to those of BETSB2, except that no statement in-
dicating need to extend array dimensions is provided; such
extension usually will be unnecessary here.

BETFTA

This program is related to BETSB1l, but allows com-
binations of identical/independent and series/redundant
configurations and requires input in the form of a fault
tree description. Input must be in parametric (alpha, beta)
form and provided as a series of DATA statements. Immediate-
ly under under any logic "qgate" events must be either all
identical or all independent; the fault tree always can
be restructured to meet this condition. Multiple input
DATA sets may be provided; the program will continue until
all DATA sets have been used. (This feature permits
evaluation of the aggregate at a succession of points in a
mission.) Key features of the program are described by a
series of REM statements that may be displayed by command-
ing a listing starting with statement 80000 (in CDC Cybernet/
Kronos BASIC, the command is LIST, 800N0). An expanded dis-
cussion follows:

. HOW MANY LEVELS?
The number of levels is equal to the number of
events in the longest branch of the fault tree.
(All logic gates within a branch, except inhibit
gates, must be separated by events, which may be
arbitrary if necessary.)

. EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TOP)
A series of inputs, consisting of the number of
events at each level except the (single-event)

top level, is required. Each input should be the

total number of events at the appropriate level,



beginning with the lowest. (Note that not all
branches need have events at all lower levels,
and that there must be no gaps between the top
level and the level at which each branch ter-

minates.)

DESTINATION

Each event is implicitly defined by dual subscripts
I, J, where I is the level and J is the number of
the event under consideration at that level =--
e.g., counting left-to~right. Thus, the first
(e.g., leftmost) event at the third level is
defined by the subscripts 3,1. The program will
cause I,J to be printed; the <~orrect response
(DESTINATION) is the index J' of the connected
event at level I+l.

CONDITIONALS? (0.0=SKIP)

A response should be provided for each inhibit
gate in the form of the I,J subscripts of the
event immediately below the inhibit gate. The
next response should be the value of the proba-
bility associated with the inhibit gate. Tkre
sequence will continue until a 0,0 response (or
any 0,J responte) is given.

GATE TYPES

Each gate (other than inhibit gates) is identified
by the I,J subscripts of the event immediately
above it. The program will indicate each gate by
printing the subscripts; the response should be

1 for an OR gate connecting independent events,

2 for an AND gate connecting independent events,

3 for an OR gate connecting ‘dentical events, 4
for an AND gate connecting identical events.

Following completion of gate identification, the
program automatically will read alpha and beta
values for each input event from the DATA state-
ments, which must be provided. Reading of data
is in ascending order of levels and ascending
value of the J subscript within each level, with
automatic skipping of any event that is a "desti-
nation" (and thus has reliability values determined
by lower-level events); the sequence of entries
in DATA statements must correspond. For example,
assume a three-level tree with two events at the
lowest level and two at the second level, the
first of which is the destination of the two
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lowest~-level events. 1In this program, the alpha
value of the I,J event is represented by T(I,.T)
and the beta val;ue by U(I,J). Support T(1,1}=3,
u(i,1)=0, T(1.2)=9, U(1,2)=1.3, T(2,2)=11.5,
U(2,2)=-.6. Then an appropriate set of DATA
statements would be:

900 DATA 3,0,9,1.3
902 DATA 11.5,-.6

BETAL1

This program resembles BETSBl, but is intended for use
in test planning and/or when calculation of lower bounds
(5, 10, and 20 percent) is desired. Only series configu-
rations of independent elements are accommodated; this re-
striction generally is met at high levels of aggregation
(syste:n, subsystems).

Most prompting statements are similar to those used in
the BETSB series of programs or are self-explanatory.
However, some statements are in the form of questions re-
quiring yes/no answers. The response to such questions
must be numeric (1 = yes, 0 = no). Some selected prompting
statements and program features are discussed below.

. PECRMIT NEGATIVE BETA?
The beta distribution becomes J-shaped when
either parameter is negative and U-shaped when
bot: are negative. HNegative parameter values
arise when the uncertainty (variance) is relative-
ly large, especially if the expected value is
near 0 or 1, and are legitimate. However, the
user may elect to allow only non-negative values
of beta by responding "0"; if a negative value
of beta then is encountered during computation,
the program will automatically set beta equal to
zero while retaining the expected value of the
distrib ution, thus obtaining the largest variance
admissible without negative values of beta.

VALUES? (THIRD VALUE IS COST O FIRST TEST)

The required response is as in the BETSB programs,
except that the cost of the first (next) test of
each component also must be entered. This entry
may be arbitrary when the program is used only to
obtain lower bounds.
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DISPLAY COMPONENT VALUES?

A positive response ("l1") will cause parameters,
moments, and assigned test costs tc be displayed
for all components. The displayed moments in-
clude expected value, E(P); second moment about
the origin, E(P*P); and variance, V(P).

CLOSUERE

The number displayed below this message is the
total integral of the distribution over the in-
terval 0,1. Numerical integration is used; if
the displayed number differs substantially from
1.0, the validity of the displaved bounds is
questionable.

NO. DELV COST TOT COST NO. TESTS

Under these headings there are displayed the iden-
tity of the component just "tested", the change
in variance resulting from the "test", ths ~ost
of the "test", the accumulated cost of all »Hm-
ponent "tests", and the number of "tests", and
the number of "tests" of the identified component.
The change in variance (DELV) may be compared to
the expected cihange, E(DELVAR), displayed under
"FOR SYSTEM"; taking costs into account, one may
elect not to CONTINUE. (Use of BETALL may be
resumed subsequently, after one or more system
“tests", using updated input values.) If one
elects to CONTINUE, and opportunity is provided
to adjust the cost of the next test of the same
component (CHANGE NEXT COST?); if not, a display
of the end-of-run status of all components is
available.

As a before-the-fact test planning tool, the program
uses "test" results on an expected-value basis; that is,
a "test" increments the corresponding alpha by E(P) and
beta by 1-E(P). When used in a real-time mode, one would
increment alpha by 1 for a successful test and beta by 1
for a failing test; this incrementation would take place
off-line, and the program exercised with the new values to
identify the next component to be tested.
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B

COMPl Program Listing

AR Y XYY XY Heditunsuy Khosonpni Hh ot pd
4 FRINT "WulbPUl ryrva) &0
6 FPRINI "HaOOS Ke> AL PHA R lan

¥ DIV w (38,0
3O wl(leri9)=1}
d1 w(21,519)=>
Vowl1)=3
33 w1 ds1)=4
34 wlFa)=N

a5 w650 =n
36 w(2N,r0)={
31 w1l H)=K
A% w(146,20)=9
19 w (22,311
40 wlresied=1}
4] wltYs, )=z
az wllv,16)=13
43 w{bsld=14
G4 wirKsy )=
49 %{(9,9)=1h
46 wlla,9)=)¢
41 w14, 23114
48 wlla, =15
49 wla,3d=1x
90 w(z?Z,r)s )Y
ST w13 1Y)=20)
9 wlkybhg)=Dl)
5 W&l pnH9) =l
hYa w1 4,21 EP3

YY) w14, 16):224
Yh wld,19)aih

W1 W (P2,3n80206
DY o wlersd1 )2
WY W (PP ,25)=0K
GO wle)s )y
6) wllé6s35)="40
62 w(rP,300)=")
6 w(l16,2))= 32
04 A6 ) =30
=33

a
69 wibs91)=3
4

66 wl(és6)=]3




2 61 w(6519)=35
H alP»34)336
69 wW(P,25)=11
10 wlz,371)=3xr
11 w(P65,3)=39 -
12 w()9s13)=an
73 w(3.2)=4)
{4 w(i,022)=ar
IS5 w(3,34)=247 "
T6 w(3,26)=44
{17 wt5,31)=4d
IR w(6H,31)=46
19 Wih11)241
B0 A (13,41)=4¥
K} wll13sn)=a9
“P w(d,17¥Y=50
B3 w(12,:5)=01
4 wl(kKarHash?
: Y w(19s193=54
“o wll19,3)¥=ha
®Ke W(916Y=0Y
| e w(l16:,7)=90
‘ Y w(Y,a9)=49¢
90 w{(Y231)=O"
9l w(9,qat 3=0Y
E 9 wllkslarsen
93 w8020
vy wl i, 31Y=607
i 95 w(3e9)=04
Y6 Wi, 3R)=6a
| Gl w(a,37)=z05
[ 9K w(H,29)Y=AH

Y9 WS y3K)Y=e ! -
1NN alh,H3)=6%
101 w(P,34)=FQ
107 w(Pyai))=11)
1008 wl{esard=q|
104 wW(P,,a9)s(¢
10 w(P,,a1)=1(3
106 wlir4r)=14
101 wChs 4¢)=1D
10 w(6as 3310
1Y a(hsZr)=ta
110 wlY,?9)=(xr
w(Y,1v)=juv
IYOUFKIRES IF
W(G,r)=K)
W(A, 1 R)=KY
'YSTYAREX. K
w(3,6)=Ka
w(PD,106)YsKY
w(PD»H)I=KE
wlln,Pe)s®i
WK, PY)I=EKH
W(PN,31Y=RY

D Vet e o e ——
-3 X ~T U p -

-~

|
1
1
)
]
)
1
]
)
!
1




B ==

122
123

124
125

126
121
200
ol
207
203
204
“ns
206
o0
PO
209
210
1
Ve
ft1a
P16
21K
20

w(b5,60)=90

W(2,4)=91

w(19:41)=97

w(26.26)=0N

wW(14,19)=973

w(9,50)=94

PrINI

PRINI "COMPUNFEN] CODE?(Z7=END)Y"
INFUL AY

CHANGE, A% T O

J=0

PR 122 10 J0)+.]

J=d+acl)

e XD 1

I=ucCt1)

C=w(l,I

It C<1 IHEN 9999K

IF C>10 GUTL P14

YN C QUL 200,310,320, 330,340, 350,360,311 310,390
IV C220 LElv 21K

UN (C=10)Y 6GUIY 4N0,4105400430 5 4400, 490 5 460 5 410 5 4K() 4, 4Y0

IF C>30 wvig 229
WN (C=20) GITe S00,510,520,530,940,550 9605 1N 3580, 590

PP21F C>40 LVIWVP?PH

224
226
PPR
230
232
234
236
FIK
40

PN (C-230) Ll SN 2E10,6720630,640 469N 660610 AR 64D

IF C>50 G0Fy 230

ON (C=40) QUIY 1NN 1IN 1PN i N, 14N 1SN 5 16N 11D, IRO, 190

IF¥ C260 Lol 274

BN (C=5N) GUIY KOO R 1N RUD S K $11 bl 850 3 KH1) 2 S 1) s BRO , M0

Ir C>»40 Loly 23K

UN (C-60) GUIKG YN0,910,920,Y30 40,950, 760,910, 9KN ,990

Ib CorD LLIY 247

BN CC=() Ll 1ONNL1010,1020,10305,11340, 1050, 1060,10 10,

1NKN , 104N

IF C>90 LYl 7an

ON (C=80) LYW 11001110, 1120, 113010140, 1190 160,11 10,
110,190

Ir C>100 Iren 250

UN (C=90)) Lule 1200,17210,1220,1230

PRIN] “No SUCK CudMPuNENE®

Gl Y9Ivyy

PCLOV)ES e -1

PCYa2)zK o3k =6

Ll #0000

PVl )= etr )l =4

PCLs2)ENSAE -t

LU 2090

NS WERERIRWE.] IS

[ EORFYS A REETIED

Leliw 2000

FC1,))=) o860

[ IV I .5 I

oule 2000

(R E-FE D ES NI PYRN]
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34)
342
350
351
aHe
360
361
36?2
340
311
312
3K0
381
390
391
397
400
401
402
403
404
410
411
a1y
4z1)
42
430
43)
4alp
440

4419
a4y

450
451
abe
453
NY
450
46
4L462
463
4€ 4
“Gb S
“wéE &
&Lt
4id )}
4y
ail
“il 4
aHlilhy
416
arl)
P7E S
IJH?
490
491
a92

F(Y52)=312b -1
Guly 2030
F(5,5,1)=9e1}F~-9
F(5,2)=3.23L-1/
Guly 2030
F(S5,1)=Hes6E-8&
F(o,2)=RKelb =1
6oT6 £030
FC551)=443E-8
F(5,2)24.35E=17
iy 2030

PrINI "SAME AS Ph*®
Ll 310

P (sl )= edYh =1
FO1,2)=23.1K95E-6
GBiv 2000
FCIs»1)=1e250-06
P(I:?)z‘l-‘)(_)h.‘b
F(251)=) HiE =6
PC2,2)=) 0 =D
LOTY 2060
PR, 1)Y= 36F -9
F(3,0)=0¢30-8
LBly 2100

PrINT "SAaME &L sA*
Lviv 410
rlls1 )= a0k =K
PC1a2)2ePE=D
ugieo 2000
SRR EY - X ALEL,]
FCYo2dshd o lF ¢
LEiw P0ON0D
Pe6EL1)T4eQrY
F(6,23=23s4b0K
6=

Ab=N

Ll 2130

PrINI "CLEG 2 LEAK CuMpINED"
PrRIND *C 10 SErPAxAlr» USE VvC AND vh
FCls1)=23e4k -4
FCLs9)=102135E~5
P(P2r1)= Peb9b -4

1)« 3%k ~¢
#)Z5 oKt ¢
1)) o€ /)2
izl el ahr))

Ve w e w

4std)=lebbr -1
F(a,2)=1e5¢k-6
Lyl 2200
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SN0 FCarl)=2 09E~¥
SOl FCa2)=) 69k ~1
502 GE€Ty 2200

510 B9=0

S1Y FC4,1)=9 4k~ 1
512 F(4,2)34.63k-6
S13 FCTI,1)=11k4

514 F (9,1 )=.)3K

519 F(9,?2)=.09

516 LYIV 2710

520 F(b 1))=Y etk y
Vel FC6HPI=1 o 30001
Y22 Be=?

9P AG=O00

584 F(151)=2e1b-6
929 FO1,2)=250 kb =,
Y6 Gl 2160

930 F(1,1)23elk=b5
531 F(1,2)55e41bk =5
537 LBTE 2000

540 Fla,1)=21 REHE=6
54) F(b4,2)26(KKE~6
Yae Lulw 2¢N0

S50 P 11Xt e84k =/
591 F(1,2)Y2KeHHIE-6
ShHe LYl 2000

960 PRINT "“SANME AS vve"
561 Lelw Y50

510 PrINT "LANME AS vyre"
541 Lvly 550

SHO kY=

SH)1 B (P )=9. (LY
DKP FLFLPIZTE-R

DK3 LYIY S

590 PKRIN] "PCIL & PU ALIKE"
591 HYy=¢

992 LAIY Y1

600 PC(1,1)=4E-{

60) F(1,2)22¢138k=6
602 LOTv 2000

610 FCa,1)z4e85E =K
611 F(4,2)=) &1 IE-1
612 LOTY 22nN0

620 F4,1)=) «Yab =K
621 P(4,2)5) dlE-
62? LYle #2200

630 P(6s) )7 ey5LY
631 FC(6,2)%) 49k K
637 R6=?

633 A6:=0

634 LYle #1130

640 FC4: 1)) 0K =K
6Ga) P 4,2)S) ebbl =/
647 LVIL 2200

650 FPC451)= | «BE=Y
631 P(4s2)25.P2E-K
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69?2 Guiv 2200

66U r(451)=6e5E-HK

661 FCa,2)=] ebbh =1

662 vBiL 2290

670 FxINT *“SAmE AS EVC"
611 GLly 660

LKD rCas1)=hE-9

681 B (4,?)=5.8FK~K

682 LBTO 2200

690 P (Y1 )=FebbE-K

AYY F (1P )sPk~1{

692 GUlv 2000

00 FCls1)=deH0R=8

01 FCl1,2)=1eRITE-T

10?2 GYiv 2000

(110 pCas))z) 302k~6

11) Flas2)34,65Kb-b

My Guiy 2e0n

120 F(ls1)=Pe3E~-1

(121 PC122)26e14F =6

12¢ Ll 2000

130 FCla))=beE~T

13) FC152)29e47E-6

132 Luliy 2000

14D P (6L 1I=4.9E9

(a4l PC6H»2)I=3e 40K

14?2 A6=0

143 R6=2

f44 LYY 2130

150 F(Pa1)=3ebDF-K

151 F(Ps7)=t el Lk =6

1959 Fla,1d=2de 2K

753 P (a4s2Y=10LE-0

154 LYly 2230

160 F(1,1)=3et6/

161 P(1,2)89.8E=6

162 F(2,1)5Pb 4

163 F(2,2)=lL 4

764 F{ls1)=18B5E4

169 F(T1,2)Y=9.25R3

166 LBV L2640

Ti0 PRIND TaPPLIEU VOLTS/ZKALED vl fe=ev
111 INPUT B4

12 PCPs1ISHRANYSE-12%4P7P4
(13 F(Ps2)=Ra¥SE-1P&34%59
(14 PCls1)S(FA1(~/eD))®601/E3
T19 PCT22)=2(BAY(={+5))*) 1 T7ED
116 Biselbd

tii GBTO 2810

140 p(3,2)=2b~Y

161 F(3,1)=2E-9

182 Gl 2100

OO F(1,P2)s2E-6

191 F{Ye1)S) el

19?2 6l 000



801 F(1,1)=1.247E-6
802 GUlY 2000
10 F(1,2)=2.62L-6
Bl1 FCL,1)=)e56k~6
#12 GLVIY 2000
820 P(‘D?)=?083h‘6
K21 FC1,51)=115%E-6
®22 68TQ 2000
K30 F(1.,2)=2.5E-6
B3l F(1,1)=N.19KE~6
K32 LGUWiv 2000
840 R7=.2
K41 F(2,1)=PE-10
K42 +(2,2)=2E-9
843 F{T,1)=244k 1
Ka4 F(1,2)=).26¢4
K45 GUTY 2810
KO0 F(1,2)=)+aKE-6
B51 FC1,1220eK260-6
KO2 vUlu 2000
HEOF(2,1)=3.03F-9
KOl b (P,2)=) QKR =1
K62 F(45)1)=346F~9
K63 Fla,2)=) .04y -
k64 LLUWTY PPN
K10 P(2,1)=9,1E-9
YV PL2,2)S3.P4k -1
HTZ b CLs1)=) OBE =K
BT13 FPC4,2)=3412p~1
kla LUIY 2230

* MHO FC451)=)a8F-9
KBl Fa,2)=5.0p -k
KHK2 LU1wPLNo
KOO F(5,1)=)4143F -4
K91 F(5,2)=6.6F~¢
K92 )5 1)=2. 4P -a

|
"] 800 F(1,2)=3.01-6

K93 b (),2)=2.04E-3
K94 F(2,1)=p. 04 -6
FO9Y (P, Y=1 2L
H96 LUV 2210
900 F(S,1)=1.7k~6
901 F(5,P)=9,9k-¢
902 FQ1,1)=3.63t -4
903 FC1,2)=3.06k-7
904 f(?ol)=3ujht'6
80Y F(Q:()=|UR?‘S
904 LUlL 2210
910 P(2,1)=6.6F-¢
1) P (2,2V22 bt -4
912 P41 )=R.Hp -
913 FC4,2)s2 .94k -6
. 914 GUIV 2¥30

920 PRINI "SAME AS Cve"
921 LL1W 910
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930
931

NS
933
934
949
94)
942
943
944
Y45
946
941
945
Yay
950
951
9492
953
Yhy
UhHH
9H6
95¢
95%
959
960
9A1
962
963
964
965
Y6h
Yé !
96¥
969
910
91}

F(2»1)=132k-5
FCP»2)=8elbE~4
FCasld)=leblE-{
PC4,2)=5.85E-6

GUT:. P230

PRINT "DESIGN CYCLE Llkkswr. LIFF,MISSTON DUk Ten!
INPUL BPsB1l,B4

B6=1+5
F(2:1)=C((RP/2)1e5)/2¢HE-R
F(22)=((RP/2)Y1e5)/8F -H
FC13)1)2CLR)I/Z2)Te5)/5e5E~6
FL1s2)=2C(RY/9)1e5)/73.32F-)
FCAIISC(RA4/PI1eD) /40 4RE-F
PCas?)=((H4/2)145)/3463k~1
LYl 2310

PRINI "DFSIGN CYCLE LIrkswre LIFERLMISSTUN kA TunN
INFUL HPHsKI B4

K6=1+5
F(2s3)S((HP/2)teS5)/ 1450 K
P(P,2)Z((RP/DYIE NI/l =
FClsdd=C(R1I/Z2Y1e9)/1 4060 =D
FO12)3C(RI/2)Y1eD) /9496000
LAY IISC(RA4/2) D)/ 0 34F~ 1
FCA,EY=((HA/2Y T eH) /71 J(3YE =6
Loly 2310

PRINI “DFSTGN CYCLE LIrfs UP. LIFE, MISSTOUN DUMATTON

INPUL RP,F1,84

H6=] oD
FC2o1)=CE2/2)Yeb)/ ek
FCPy2YS((RP/P) VD) dokb~
FOYsIISC(RI/ZP)en)/3403E~5
FPCl1a2)SCRI/ZZ)I )/ o Kb =4
FPCas 1 )= (RA4ZPIYaDY/P e aib = |
FC4s2)=((R4/2)1eH)/2E-6
Guly 2410

FCl1s1)224/5k=b

PC122)=] abbE~D

QIPF (4s])2PePhb-K

@13
94
980
£ 1.3
9Ke
YRy
YK 4
YK
946
990
991

FC4s;2)=) e BE -1
Loy 231N

AOG=P Pha

B6=1 .7
FC6EHII=) eh4EE
FC6HL2)=9ED
PCAs1)=de laE =1
P Uy P)=) e iKpb =6
Lelu 240G
PRINT "SAamk AS RERI®
Lol 940

1000 A6=1+3E4

1001

R6=?

1002 Gy 942
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1010 PRINT *samE AS BRGL®

1011 Gulv 1000

1020 A6=4.3k4

1021 HBe=1.2

1022 k(6s1)=4k1

1023 FCL,P)=P e 42F.€

1024 kC4,))=2e84bk-%

1025k C4,2)=4Tk~ 1

1026 GRTO 2400

1030 FRINT "sAmkE AS Bmi"

1031 wLelé 1020

1040 FC451)=10/E~8

104) FC4,2)=)eb66b.~1

1042 GUlY 2200

1050 K (651)=2495E8

10591 FC6,2)=1 9k 1

1052 A6=0

1053 Bb6=1e5

1054 LBIY 2130

1060 PRINT "IHKUSIERx CYCLES & WPl IME"
1061 F(P,13=3e51E-8

1062 P (2,2)=4460-1

1063 F(6,1)=6.30 12

1064 F(622)51 064012

1065 Aé6=D

1066 R6=3

1067 F(9,1)=0.99

1068 F(9,2)=.9171

1069 GLIY 2440

1070 a6=N

1071 Rées=teS

1072 PrRING “DESION UPe LIbb=2"
1073 INPUT K1

1074 FCO651)3C 2% oS40 0~
1075 FCO22)2(o2%R1)2.5/71,1E-6
1076 GLVIY 2130

1060 A6=0

108) B6=1eb

102 PRINI “DESIGN CYCLE LIFE, “P.L1FE 2™
10K3 INPUT H2,BI

1084 FC6,1)=C2%R1) 5740t~ 1
108 Fl6:,2)=(e2%K) )1 e0/)e1E-6
10K6 F(2,1)2C PRIt aN/) eh ik =K
1087 F(2,2)=(eP*H2) Y eH/10.~1
108 Golw 2500

1090 FCA,1)=22¢1(E~9

JO91 F(4,2)=) e b65E~K

1092 6OTY 2200

1100 PRINI "SAME AS 91

110 GUTY 1090

1102 FRINITUESTIGN CYC LIREDESTUN CULD SIARTI S EBPeL)FE 2
1104 INPUI FR2,R3,RI

1106 HéEE=] oD
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1108 F(151)=Ce2%R1) 1571 453E-6
1110 FUQ1,2)=Ce2%B1)7.5/9.2E-6
1112 F(251)3Ce2%¥B2)1eD/74.9E~K
1114 F(252)=2(«P*¥R2)1e5/3.5E~-7
1116 IF H3=0 JTHEN 2550

1117 FC(351)5(2%B3)12/6.2F=6
1118 F(3,2)=(«2%R3)t2/3. (2. =5
1119 Gbiy 2550

1120 PKRINT "DESIOGN CYCLE LIFESsCULD StAaxi LIkksoPs LIBE2"
1121 INPUT B25H3,sRBI

1122 B6=2?

1123 F(251)=.5%RB2/72RE-6

1124 F(2,2)5e95%R2/17E-5

1129 FCist)=e*KI/Tebb=D

1126 F(152)=e5%R1/4.6L~4

1124 IF R3=0 THEN 2550

1128 F(351)=(e24k3)12/642E-6
1129 F(3:2)=(eP%kR3I1P/3T2E-D
1130 Guly 2550

1131 F(1s2)=3ebE-K

1132 F(151)=4.9E-9

1134 LOIY 2K60

1140 PRINE "DESIOGN CYCLF LIFk»UPLIPE?"
1141 INPUI F2,B]

1142 F(251)=Ce5%H2)1a5/91E-9
1143 F(2,2)5Ce9%E2)t o5/ TE~R
1144 FC151)=Ce5*%¥R1DT.9/71.028~1
1149 F(1,2)=Ce0%K1)1e9/6e1E~1
1148 B6=1eb

1149 (010 25&0

1150 PKINI "DESTUN CYCLE LIFE,UPSLIFE?™
1151 PrINT "C(CYCLESSPULSESY"
1152 INPUl B2,bl

1153 FP(221)=Ce5%BP)taD/241E-9
11954 p(2,2)=(eH*KPI) D/ (L9
1155 FC121)=2C.5%H1D) YaS5/3E-5
1156 F1:2)=(oH5%R1)1e5/6435k=5
11571 B6=1 5

1158 GUTL 25K0

1160 F(2,1)=1.9L-6

1161 F(?P,2)=R«34k-6

1162 F(4,1)=3EF-1

1163 F(4,2)3123E-5

1164 GUTO 2230

1170 F(251)=3+45E-8

1171 F(P,2)=9 2060k~

1112 FC621)21 4915

1173 P(6,2)=7.0/E13

1174 F€951)50.96

1115 F(9,2)%e91
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‘: 1176 A6=0
| 11717 R6=3.5
11718 6GOT10 2440
1140 PRINT "DESIGN vwPe LIFE=7?"
11#1 INPUT R
T1ESZ FC651)=Cel*B1)t1 4S5/ ettt =7
T1HB3 F(AsP)=Cel®xRIY T e5/76e6PE~17
11E4 A6=Q
HIHS R6z=2.5
1186 GUT¢ 2130
1190 PRIN] REL=1.0 UNTIL FIRING KREGUIREL®
1191 Fot,1)=d
1192 P (1,205
1193 6Gelw 2750
1199 PRINT "ASSESSEL AS BACK=-UP 1k Keblkbk valvi bdLY"™
12700 PrRININEGLIGIRLE IMPACT A1 SYSTEM LbVEL®"
1203 PRINT “(USE kFRL=1.0 1§ N UTHF~ DATADY
1202 GLuid 200
1210 F(451)=9.¢{5E-9
1211 FPC4,2)=1ebE~
1212 Lelv 2200
1220 P Ca4,1)=3e49L-19)
17221 F(A4,P)2DHE~9
1222 LVIW 2200
1230 F(2,1)=162E-§
12731 F(252)264KF -7
12732 F(as1)=).98E-8
1733 r(4as2)=6e24k~-1
12734 (LI 2230
000 PRINT "OPTIME=? (O=RADIY
enne 1Pyl 1Y)
eQOa Ir 1)<z jHEN 200
“N06 RO=FEXP(-F(1,2)41C1))
PO0E hS=EXPC=Pp ()1 51)%]1(})))
2020 LYSUR 3N00
2022 PrRINI USTING 2sR0sK9,A0 K0
c024 PrRINI YuP | Imb=2"
026 GRiv 2002
2030 PRiNE "PrRESSe 1IME=? (O=pnD )"
2032 InPul 1 (Y)
2034 1Ir 1(S)Y<=0 IHEN 200
2036 RO=EAPC-p (%,2)%]1 (D))
cOBE rYHYZRAPC=-F (95, 13%1(5))
2050 LVSUB 3000
2052 PrINI USING 2or0,Kk95A0,R0
205%4 PKINT "“PKFESe | IME=2"
cU%6 GUlv 203
eN60 PKRINT ** INPUT EPTTuN®
. C62 PRINI 1= FIXLD CYCLES/UP eHKkes» P=SEPARATE"
2064 INPUI P (9,9)
7NA6 TF F(9,9)=2 THFN 20174
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s~

2068
20170
2072
2074
2076
PR
2080
2062
ZNKR3
2084
f0Ke6
208
2090
2092
2094
2096
2098
2100
2102
2104
2106
P10R
2120
P1P2
2174
2126
2130
2132
2134
2136
2138
2140
2142
2144
2146
2148
2150
2152
2154
2160
2162
2164
2166
216K
2170
- I
P14
21/6
2118

PRINI CYCLES/UP eHk o= 27
INPUT F(9,8)

GYly 20n&n
PRINI "CYCLES =2 (0=FND)"
INCUT T2

IF 1(2)<=0 [HEMNPOO

PRINT *'0PI1IME=? (0=END)™
INPUT T3

IF T(1Y<=0 1HeEN 200

IF F(9,9)=2 THEN 20RHK
TC2)=F(9,R)*1 (1)
ROSEXPCC=F C1,2)%TC1)I=(F(P,2)*]1 (D))
ROZEXPCC=-FC151)%TC1))=CF(P,1)%]1(2)))
GLSUE 3000

PRINT USING 2,k0,Kk25,00,R0
IF F(€9,9)=2 THEN 074
GRTY 2080

PRINT "N@e. CYCLES =? (0=END)"
INPUT T(3)

IF 1(3)<=0 THEN 200
RO=EXP(-F (3,2)%1(3))
ROZEXPC-F(351)%]1(3))
Gésur 3000

PRINT USING 2,N05K5,A0,R0
PRINT "Nu. CYCLRS=?"

Gwiv 2102

FRINT “QPTIME=? (0=END)"
INPUT 1¢6)

IF 1(6)<=0 IHEN 200

Ib T(b)<=A6 THEN 2152
1€6)Y=(T(6)-A6)1B6K
KO=EXF-TC6)/F(6,2))
KS=EXP(=T(6)/F (6,1))
GE@SUE 3000

PKINT USING 2,Kk0,K5,A0,B0
FRINT "0P11IME=?"

GeT¥ 2132

PRINT “RELIARILITY=1 (UP.TIME<=GUANANJEE )"

GuTe 2130

PRINT “OPTIME=! (O=END)"
INPUT T1)

IF TQ1)«<x0) THZN 200
TeH =1

RO=1

k5=1

IF 1(6)<=A6 THEN 2180
ToI)=(I(6)-A6)YT1R6
kO‘LXP(*I (f-)/F ((Jl?))
RS=EXP(~-1(6)/F(6,1))
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21&0
2182
2184
2166
21K4
2190
f220n
2202
2204
2206
220K
2220
2222
2224
P06
2230
2232
2234
2236
223K
2240
Po42
2244
2246
P24k
2250
' Ya
2253
2254
22456
P25k
2260
2r6Y
PP64
2266
PP6K
P10
erir
PPl
P 6
PP In
P2KO
2282
PPk«
2286
“OK8
2t 90
20972
2293

KO=KOXEXP (=F (] ,2)%T(1))
ROSROREXP(-FC1,1)%1¢1))
GUSUB 3000

PRINT USING 2,R0,KS5,A0,R0
PRINT"QP] IME= 2

GOTV 2162

PRINI "“MISSION [IMp=? (O=kNDY"
INPUL J ()

IF T€4)<=0 THEN 200
KO=EXP(-F (4,2)%T(4))
KOZEXP(-F(4,1)%1¢4))
GBSUR 3000

FRINI USING 2,R0,K5,80,R0
PRINT "MISSIUN 1IME=?°
LoTe 2202

PRINE “INPUT GPI]uN

PRINT *1=p I XED CYCLES/MISSTION Hres C=SFPAKRALE Y

INPUT #¥(9,9)

IF F(9,9)=2 THEN PP44

PRINI “CYCLES/MISSIUN Hk oz 2

INPUT F(9,K)

GBTV 2290

PRINY CYCLEN=? (O=END)"

INPUL J¢2)

IF1¢2)<=0 {MEN 200

PRINT "MISSION JiMe =7 (D=END "
eyl 1o

IF 1Ca)<=0 [Min 200

TP B 9,9)=0 1HEA LPHE
LE2Y=F(9,8)%] (4)
k0=ExP((-rla,?)*l(4))-(F(?,?>*1f?J))
hb=FKP(('f(4;l)*’(4))*(F(?:])*l(?)))
GESUR 3000

FrINT UsInG ?;M)»Nb:dﬂ.lﬂ

1F P (9,9)=p thEN 2244

Loly 2250

PRINT"INKFU] VPTIGN

rFRINT 1= b IXED CYCLE SZ20P e Mk, P8k rAKAT LY
INPUL r(9,9)

b €9,9)22 JHEN 2P84

PRINT “CYCLES?OP oHMRz 2%

INPUL F(Y,8)

LUTY 2290

tednt "CrCLbs=? (O=fkND)I®

INPUL J(2)

IF 1¢(®Y<=0 THEN 200

PRiNT “wIcsTan VIME,UP. 1IME (O=Einp)"
TNPU TCaY,Te))

IF 1Ca) <=0 THEN 200
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P94
2296
2298
2300
2302
23N 4
2306
230K
2310
P31°
2314
2324
2330
2332
2334
2336
233K
2340
23427
2344
2346
P34%
2350
2352
2354
2356
234K
2360
2362
2364
2366
22/0
2312
2314
2316
231H
23K0
23K2
2384
2400
Lang
2404
2406
2408
2410
rai12
24% 4
2416
2418

IF F(9,9)=2 THEN 229%

1CPY=F(9,8)%] (1)
RO=EXP((=F{1s2)%xTC1II=(F(S,P)%(T(A)=1C1I)I=(h(P,P)%|(2)))
RSZEXPCC=FCls1)*1C1))=CR (S5 1% CfCad=1C1III=(F(2,10%1C)))
LGUSUB 3000

PRINT USING 2,x0,Kk5,A0,50

IF F(9,9)=2 THEN 2284

GRTY 227290

PRINT "INPUT UPTION"

PRINT "{=FIXED CYCLES/ZUP eHi o228k PAKATEY
INPUT F(9,9)

IF F(9,9)=2 THEN 2336

PrRINI “"CYCLES/0P eHko=z?2"

INPUT F(9,K)

LT 2342

PRINI “CYCLES=? (0O=ENDY"

INPUT [T(C(2)

IF T(2)<=0 [HEN P00

PRINT "MISSTON TIME G« IMECO,D=r0D)"
INPUT 1C4),TC1)

IF TCa)<=0 THEN 200

IF F(9,9)=2 THEN 2352

[(2)=F (9,R)%T (1)

ROZIC2YITHO/F (2:2)+TC1ItRAEZKF L ,P)Y+T (L) te/r C4,2)
RO=EXP(~-KO0O)
RS=T(2)tBO/F(2,1)+¢TC1)tRA/ZFCL 1)+ Ca)tRG/ZF Ca5Y)
RS=EXP(~KY)

GOSUBR 3000

PRINI USING 2,Kk0sk92,A0,H0

IF F(9,9)=2 THEN 2336

GRTY 2342

PRINT *MISSIeN Imbk, ORIIME=E? (0,0=ENDO"
InrUl 1C4),) (1)

1F TC4)<=0 [HEN 200
ROSEXP(=(F (1 ,2)% [ (1))F(4,2)%)(4))
ROSFXPC-CF (1, 1)%1 (1 ))-F (a1 ) *i (4))

6GuSUR 3000

PRINT 2,KO0,K5,A0,B0

Lol 2370

PRINT “"MISSION LIME=? (O=ENDY*

INPUT TCa)

IF 1C4)<=0 THEN 200

1¢6)=1¢4)

kN=1

ko=}

IV 1(6)-2A6 IHEN 2420

1€6)=(1(6)-A6)T1EO

ROSEXP(=TC(O6)/F (6,2))
ROYSPAPC=T (671 (6,51))
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2420
2422
2424
2426
24?78
2430
2440
2442
2444
2446
2444
2450
2452
2454
2456
2454
2460
P462
2463
2464
2466
2468
2470
24712
2414
2416
2418
2480
2500
2502
29504
2506
¢50F
2510
enle
2514
2916
2518
2520
2527
2523
¥524
PH26
257K
2530
¢532
P934
2536
2938

RO=RO“EXP(-F (4,2)%T(4))
ROY=RO*EXP(-F(4,1)%T(4))

LOSUR 3000

PRINT USING 2,R0,k5,80,R0

PRINT *“MISSION TIME=?2"

GOTY 2402

PRINT * INPUT wPTI1un"
PrRINT"I=FIXED CYCLES/UP eHRes» P=SEPARATL"
INPUT F(9,9)

IF F(9,9)=2 [HEN 2454

PRINT "CYCLES/UP «HR.=17"

INFUT F(9,8)

Gl 2460

PrINT “"CYCLES=? (O=£ND)"

INPUT T¢2)

IF T(2)e=N THEN 200

PRINT "WPTINME=? (QO=END)"

INPUT TC1)

10 1C1Y<=() THEN 200

IF F(9,9)=2 THEN P46K
T(2)sF(9,B)*T(1)

1¢6)=(T(1)~AB)TRE

HOSF (9 2)REXP(=(F(R2sP)X[(PII=](6)/F(652))
RSzZF (9, 1 YREXP(=(F (2, 1)%T(2))=1(6)/F(hs1))
GUsuB 3000

PRINT USING 2,x0,K52AN RN

IF F(9,9)=2 ITHEN 2454

GUTY 2460

PrINI “INFUT GPITON"

PrRINT 1=P IXED CYCLES/UP «HKes» 2=SEPAKATER"
INPUL P (9,9)

IF F(9,9)22 THEN 2514

PrRINT "“CYCLESZUP sHiKkex2"

INPUL F(9,K)

LYlv 2520

PRINT "CYCLES=? (0O=EnND)"

INPUT T(2)

IF T¢2)Y<=0 {HEN 200

PRINT “¢P1ImEs? (OsENDY*

INPUT TC1)

ik 1C1)<=0 {HEN 200

Ik F(9,9)=2 JHEN P52R
T€2¥=F(9,8)xT(1)

1¢eI=(T(1)-A6)TRE

1¢2)=1(2)tB6
RKOZEXP(=(T(O6Y/F(62))=1(2)/F (252))
ROZEXP(=CI1(6)/P 65123~ T(2)/F(251))
LLSUEK 3000

PRINI USING 2,R0,rS:ANFO
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2540
2542
2550
2552
2553
2994
2556
2558
2560
2561
2562
2563
2564
2566
PH6R
2HK0
o25k2
’oK4
2HH6
2584
2590
2599
29594
2996
£o9H
2600
2602
2603
2604
2606
P60R
c612
P61 4
2616
2618
2620
2622
P624
2640
2642
2644
2646
2648
2650
PeELE
7654
2656
26458
Y660

IF F(9,9)=2 IHEN 2514

GOTY 2520

PRInNI "CYCLFSSsCOL STAxTS,vPe [IMEs, ([=0=END)"
INPUT 1¢2)51C3),1C1)

IF TC1)<=0 ITHEN 200

T(2)=1(2)tBé

TC1)Y=TC1)*R6

IF BR3=0 JIHEN 2567
ROSEXP(=CI(2)/F(2+2))=1(3)Y/F(352)~TC1)/F(1,2))
RO=EXP(=(TI(2)/F(251)3=1(3X/F(351)=1C1)/F C1s 1))
KOSEXP(=C(1(2)/F(2,2))-1C1I/F(1,2))
ROSEXPC=-CI(PY/F(2,1)3~-1C12/FCi 1))

GOSUR 3000

PRINI USING 2,k0,K5,A0,R0

GU1Y 2550

FRINT *INPUT uPT1uN"

FRIND 1=k IXED CYCLES/ZGPeHRe, 2=ShPARAMLLIE"
INPULl F(Y,9)

IF $(95,9)=2 THEN 2594

PRINI “CYCLES/0r eHno=2"

INPUT F(2,8)

G410 2600

PRINI "CYCLES =¢ (Os=END)"
INPUT T1(2)

IF 1(2)<=0 THEN 200

PriIND "MISSIUN [IMEsUPe [INME (OLN=kNDI"
INPUT 1(C42,1C1)

IF 1(4)<=Q JHEN 200

IF 1(9,9)32 IHEN 260K
1(2)=F(9,8)%x1¢1)

[(2)=7¢2) B¢

TC1I=TC1)YRE
ROZEXPC=1C1)/F 1 ,2)=1(2)Y/7P (Fs2))
RSz=EXPC(=TC1)/F 151 )1 (2Y/F(P2]))
G@SUR 3000

PRINT USING 2,k0,Rk5,A05510

IF F(9,9)=2 |HEN 2594

Lol 2600

PrRINI "INUT WHT TN

PKINT 1=k 1Xxbh CYCLFS/ZurF eHh e 2 P=SEPAKATEY
INPFUT P (9,9)

1F F(9,9)=C IHEN 2654

PRINT "CYCLES/Z6GF oHb o2

INFUL F(9,8)

Gule 2660

PRINT “CYCLES=?2(O=END)"

INPUT 1 (2)

IF H(2)<=0) IHEN 200

PRINT 0P IMb=?20=END)"
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2662 INPUT T(1)

2664 IF T(1)<=0 THEN 200

2666 1k F(9,9)=2 IHEN 2670

266K 1(2)=F(9,58)%}(1)

2610 KO=EAP(~-(F(1,2)*T(¢1)))

2672 KS=EAPC=(P (1,10 %xT1C1)3)

2674 YI=CI(2)=FC1,,2))%3/pC12)
26176 LLSUB 4000

2678 RO=k0%Y9

PO6KN YI=CI(2)~F 1)) %3/FC151)
2682 GRSUB 4000

26K4 KkS5skH%Y9

2686 YI=CI(1)~p(2,2))%3/F(2:2)
26FE LBSUB 4000

2690 KO=k0D=*Y9

2692 YI=2(1(1)=-F(2,1))%3/F(251)
2694 GUSUF 4000

2696 KH=rOHAYY

2694 LWSUB 3000

2700 PRINI USING 2,h0,k5»A0,5R0
2102 IF F(9,9)=22 [HEN P654

2104 GOTw 2660

2710 PRINIL "MISSIoN [IME=2¢0 TUO ENDI®
21712 INFUL T C4)

P14 1F T(4)<=0 THEN 200

2716 HOSEXP(=(F (4,2)%TC4)))

PT1H KOSEXP(~(FC4,1)*]1C4)))

2720 YI1=CTCAY=FCT,1))/Ce15%pC/11))
2122 GUSUE 4000

2124 ROSRO*X()=(1-Y9)*F(9,2))

P126 KO=KLH*(1-(1-Y9)*F (Y51))

2128 1F B9=0 THEN P/4?

2130 1F B9=2 IHFIN P138

2132 KO=hOt Z*EXP(=(F(2,2)%1C4)))
2134 KROZRDV2¥EXP(=(r (P, 1)%T(4)))
2136 LYIV 27142

2138 KO=k0?t.4

2140 KHErHt .4

2742 uLLSUB 3000

2144 PRINT USING 2.n0.K5,A05R0
27146 GOTY 2110

2150 PrRINT "MISSIUN TIME 16U FIKING=?2CYRS30=FND)Y
27592 INPUT T (1)

2154 [F 1C1)<=0 [HEN 200

2756 YI1=CLOLCICII)Y=-LOGCF(/52)))/3991
27158 GOSUB 4000

2760 ROsY9

2762 YI1sCLUGCTCI))=LOGKF (7,51)))/4399]
2164 LUYSUB 4000
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2766 K5=Y9

2768 GUSUBR 3000

170 PRINT USING 2,kNDsk5,80,R0

2772 PRINI "MISS. TIME=?"

2114 GOTO 2759

PK10 PRINT "@P.PULSES=?(N=END)"

2R12 INPUI T(2)

PEI3 IF T(2)<=20 THEN 200

PR1IA Y1=S()1(2)=F(1:2))/(EIXF(T52))

2816 GOSUB 4000

PH1Y kO=Y9

2820 YI=(T(2Y=FC/s1))/(RIXF(7,1))

2822 GOSUB 4000

2K24 k5=Y9

2B26 KOSRO*EXP(=(F(2,2)%|(2)))

eH2B ROEROXEXP(~(F(2,1)%1(2)))

2830 GOSUR 3000

2832 PRINT USING 2:KDsnx5,A0,R0

2634 LUIV PK10

2860 PRINT "MISSTON [IMF,8Pe¢ TIME CiMIVS=0=kNDOY
PE62 INPLI 1¢Ca),Tc1)

PR6A IF 1(4)<=0G |HEN 200

PRE66 KOSEXP(F (1,2)xC )1 (1)-TC4)))

2B6% KS=EXP(F(ls1 )% CTC1)-T1C4)Y))

PRI GOSUR 3000

PHTIZ2 PRINT USING 2sr02F 5580,R0

PHT4 PRINI "MISSelIMEUPTINE®

2816 GLTY 2867

3000 Ik (LOLHO)ZLGERS)I<=] THEN 3004
IN0Y S0=LOOLLLLRNIZLULIRYDI Y/ wbhary
002 1P S0<e%9146 IHEN 310N

3003 Loty 2010

3004 1F kO>RS {HEN 3001/

3305 PrRINT "KROS=RY» DISKEGAKRD ALPHA,REIAY
3006 Golu 3210

3GOT PRINT "PrEGRAM Ekndr Uk TAIL KREVERSALIRO> S
3004 PRINI "1kY VALUE CLUSER [0 mMEAN LIFE"
3009 GU1O 321N

3010 BRO=646/7CLGGISOI+646)~1 21634
3012 IF BO<=-49] HEN 3068

3014 ¥ BO<~.2 THEN 302N

016 MO 45%(=80)

J0ix Gulv 3090

3020 IF BD<=-+3 TKEN 3030

30722 MO=409-5%(RBO+.2)

3074 Uiy 3090

A0301r RO<~o4 THEN 3N40

3032 MO=eld oS 15k (RN+3)

3034 GLlY 3090
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3 3040
3042
| 3044
3050
ns2
3054
060
3062
3064
‘» 306K

I+ BO<-+5 [THEN 3050
MO=-]975-.6/5*(RO+.4)
6GYTV 3090

It BO<=.6 IHEN 3060
MO= o265~ T2 (BO+4H)
GOTO 3090

IF BO<=4/ THEN 3010
MO=e335-.9%(RO+.6)
GuT¥ 3090

PRINI “ALPHA APPRUX. GUESTTONARLE"

30T0M0=2e425=-1e55%(RO+4 ()

3014
’ anoeon
} 309¢
| 054
| 3100
? 3101
310z
’ 3103
‘ 104
‘ 3109
3106
3110
3112

311
3116
3118
' 120
3127

3124
3126
3128
3130
3132
3134
3200
N2
K
3304
3302
é 3303
\ 3304
3306
3310
3320
d32?
4900
4040 )

GuTw 3090

Az LBGEI =53 (1 /7CRO+1III/ZLBLIFS)
AQ=(AN=1YZ0M04+ )

GOy 3210

L0280/ eKBYIII (=] /e t46KP)

Ir c0<1 IHEN 3104

Dzel®xe()

GUly 31Ny

L=l

£1=£0

I+ Z1<2D THEN 3102

GgduRk 3300

IF ARS(S3-50)<=.0000% THEN 3200
§P=80

Z1=20-D

IF oFRIGRCLIt (= ed6BOIIYCN/Z(2¥LE=1))3(0aNE137CZ)1e5)) >80

GUSUB 3300

IF ABRS(S53-50)<=,0000% IHEN 3200
If $3>50 IHEN 3130

20=¢1}

LGulu 3116

EFRE Y]

1F D<sQ0N2 1HEN 3200

6GuTL 3116

AQ=L9

RO=2Z1

RE ] Ui
L9=(PH¥ROE(L) =6+ b))/ (2% (| -rD))
S3c(Z9+L1=))7C(P%Z1=1)%(L9-/1+1))
I1F $3<=0 THEN 31420
SEES31 (. N2T37C21845))
S35532RR99+ (L1 1 (=0 46R2))
rETUKN

Prlnd "wUl wk rANGES TRY SMALLEK Yk LAMGEKR

LYIY 99999
YB=506NCY)
1 ARSCY1D) <SS THEN 4010
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4002
4003
4004
40NS
4010
4012
401 4
4020
4029
4024
anz e
4MPHK
40929
4030
4040
401 510)

YIS en-YH*449999999

PRINI "] ,APPRUOX« NOKM PR

PrRIND Y1,Y9

GUTY 4nsn

Y9=j

1=}

Yi=]
Yé:((-])1])*(Y]'(9*]))/((?’])*Y/*(?*l+l))
Y9=Y9+Y6

JF ARS(Y6)<,0N0N01 THEN 40 40

=1+

IF I>atr PHEN 4040

YI=Y7»]

Lol 4n20
Y9=ob-Yk*79*ARh(rl)*((?13.14159?)'-5)/P
i b

YI9Y9R PrINT “NU SUCH COMPONEN)"
99999 ENL

I1-32




10.
11.
12.
13,
14,
15,

16.

Table 9

Alpha Numeric Component Code Listing

COMPONENT
Gimbal Thrust Vectoring
1.1 Lower Support
1.2 Upper Support
1.3 Linear Actuator
1.4 Motor and Gearing
Bladder, Mercury

Fill Valve, Pressurized
System

Pressurized Tank

5.1 Whole Tank

5.2 Provellant Reservoir
5.3 Pressurant Tank
aporizer

P

.1 Vaporizer Clogged
.2 Vaporizer Leakage
c

CC Switch
.1 Fails Active
2

v
6
6
P
7
7 Fails Passive

Propellant Feed Lines
Cathode, hollow

Isolator

Neutralizer Isolator
Neutralizer Vaporizer
Neutralizer Cathode
Discharge Chamber, Kaufman

Vaporizer Heater

PCC Failure, Mercury Ion

II-33

COMP 1 EQUATION

LS
Us
LA
MG
BB

FVl

TT
PR
PT

vC
VL

SA
SP
FL
HC
II
NI
NV
NC
DC
VH

MPC




-

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

28.
29.

COMPONMENT COMP 1 EQUATION

Line, Tank or Valve
Heater

Unpressurized Surface Tension.
Tank Cesium

Discharge Chamber, MESC type,
including TVC

Neutralizer Probe
Cesium Ion System

PCC, Cesium Ion, MESC
Type

Vapor Valve Cesium

22.1 Fails Part Open

22.2 Fails Open

22.3 Fails Closed

Trapped Gas in Cesium
Tank

Prope. iant (Cesium)
Tank Leakage

Vapor Valve Heater, (also
Vaporizer Heater
Fins Unwetted

Propellant Storage
Bellows (Colloid)

Fill valve, Colloid
Filter, Colloid

29.1 Clogging
29.2 Leaking

11-34

HLTYV

USTT

MESC

NP

CpC

VVvP
VALY
vve

TG

PCTL

VVH

FU

PSB

Fv2

FCC
FCL




30.

31.
32.
33.
34,
35.
36.

37.

38.

39.

40.

41.

42.

43,

45.

COMPONENT COMP 1 EQUATION

Propellant Flow Control
Valve, (Ball valve) Colloid
(Ball valve)

3¢6.1 Leak to Space BVL
30.2 Ball Valve Closed BVC
30.3 Ball Vvalve Fails BVO
open
Zeolite Cannister Failure 2C
System Manifold, Colloid SM
Control Bellows, Colloid CB
Colloid PCC CPCC
Colloid Thruster Module CTM
Colloid Thruster Frame CTFr
Electrofluidic
Isolation Valve
37.1 Electrical Failure EIV
37.2 Fluid Failure FIV
Filament Neutralizer FNC
Colloid
Main Capacitor, Pulsed MCP1
Plasmea
Negator Spring, Pulsed NS
Plasma
Main Electrode Failure, ME

Pulsed Plasma

Control Logic, Pulsed CL
Plasma
Low Voltage Converter, LvVC

Pulsed Plasma

High Voltage Converter, HVC
Pulsed Plasma

System Power (Counverter, SPC
Pulsed Plasma
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46‘

47.

48

49.

50.

51.

52.

53.

Sense

COMPONENT

Circuit Pulsed

Plasma

Initiator Plug
Pulsed Plasma

Pulse

Isolat

Buffer Failure

ion Valve Solenoid

Type, Normally Closed
or Latch Valve

49.1
49.2
49.3
49.4

Regula
50.1
50.2

Check
51.1
51.2
51.3

Engine
52.1
52.2
52.3
52.4
Bladde
53.1

53.1.1
53.1.1

53.1.1

53.1.2

Fail Open

Fail Closed

Fzil Partial

Fail Leak to Space

tor

Fails or Biased Low
Fails High or
Oscillatory

Valve

Fails Open
Fails Closed

Fail Partially
Open/Closed

Valve
Fail Open
Fail Closed
Fail Partial
Fail Leak to Space

r/Diaphragm
Elastomerics
Fuel
.1 O0SMission Time$2.5 yrs

.2 Mission time>2.5 yrs

Oxidizer

53.1.3.1 O0sMission Time<l.5 yrs

53.1.2

.2 Mission> 1.5 yrs

II-36

COMP 1 EQUATION

SC

IP

PB

ILVO
ILVC
ILVP
ILVL

RBL
RHO

cvo
cve
Cvp

EVO
EVC
EVP
EVLS

BEF1

BEF2

EBEO1

BEO2




54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

COMPONENT

53.2 Metallics

53.2.1 O0sMission Times5 yrs.

33.2.2 5 yrssMission Time<l0+ YIrS.

Filter, Thermochemical
System

54.1 Leaking

54.2 Clogging

Heaters, External
Thruster

Injector (including Trim
Orifice)

56.1 Plugging

56.2 Fracture

56.3 Injector Seal Leak

56.4 1Injector Braze
Failure

Catalyst Bed

57.1 Pulse Mode

57.2 Steady State

57.3 Dormant

Thrust Chamber, Mono-
prop

Thrust Chamber Bipro-
pellant

Relief Valve

Heatei, Thruster
Internal

Thruster Screens and Re-
tairner Electrothermal

Explosive Isolation Vvalve

Burst Diaphragm

Surface Tension Fins Un-
wetting
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COMP 1 EQUATION

BM1

BM2

FTL
FTC

HET

IMP
IMF
ISL
IBF

CBP
CBS
CBD

TCM

TCB

RV

HTI

TSR

BEIVZ2
BD

STFU




e

BETSBl Program Listina

1t SUBSYSTEM EVALUATI@ON

2 PRINT “RUN IN DOUBLE PRECISI@N“
4 38=0

5 89=0

10 PRINT “TYPE @F INPUTC1=PARAM,2=MEANEVAR)®
12 INPUT S .
14 PRINT “MOW MANY COMPBNENTS?"
16 INPUT N

18 PRINT "“INDEPENDENT=1, IDENTICAL=2*
20 INPUT S2

22 PRINT “SERIES=],REDUNDAIIT=2"
24 INPUT S3

26 PRINT "VALUES"

28 IF Si1s2 GOTO 44

30 IF Se=2 GOTO 40

32 FER I=] TO N

34 INPUT AC1),B(])

Jé6 NEXT 1

38 GOTe 70

40 INPUT AC1)Y,B())

42 6OTe 70

44 IF S2=2 GOTO 64

46 FOR I=) T8 N

48 INPUT E1.E2

S0 68SUB 300

60 NEXT 1

62 GOTO 70

64 s}

66 INPUT Ei,E2

68 GBSUB 300

10 IF Si1=2 GOTO 76

71 IF $2=2 GOT® 90

72 IF N=) GOTO 90

T4300 .00 000

76 PRINT

78 PRINT “COMP. ALPHA BETA"
80 PRINT

81 FOR 1=} TO N

82 IF I=] GOTO &4

83 IF S2s2 GOTO 87

84 PRINT USING 74,1,AC1),B(1)
85 IF ACI)<100 GOT® 87
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. an

86

817

88

90

91

92

93

94

S

96

98

100
102
104
106
108
110
11e
114
116
118
120
122
123
124
125
126
130
13e
134
136
138
140
142
144
146
150
152
154
156
158
162
164
166
168
170
172
174
176
178

PRINT ACD)
NEXT 1
PRINT
IF S2=2 GO~
IF S3=1 G4TO
IF S2s} GaTo
IF S3=) GoTe
IF S2=2 GOTe
IF S3s2 GOTe
GASUB 400
GeTo 110
60SuUB 500
eoTe® 110
GOSUB 600
GoTe 110
6OSUB 700
IsNe+|
eosUB 302
SA0E 00 000
PRINT *“SUBSY
PRINT "ALPHA
PRINT

PRINT USING 114,ACN*]1),B(N+1),E),E2,E2-E]2

92
100
94
104
96
108

8 HERNRNER  JRR0FFWVNTS

STEm™
BETA ECP)

IF ACN+1)<1000 GOT® 125

PRINT A(N+})
PRINT
PRINT
IF S9=0 GOTO

E15(A(N+1)+1)/(ACN*1)+B(N+])+2)

A(Ne1)s(22E]
E2sE1*#(A(Ne]
B(Ne1)=0
S$9=0

PRINT

PRINT “1F NEGATIVE SUBSYSTEM BETA NOT ALLWJWED"

GOT® 116

1F S8=0 GeTe
FOR 1=} T N
1F B(1)>=0 6
EI=CACI}*)/
ACl)a(2eE) -1
B(1)=0

NEXT 1

PRINT *"1F NESATIVE BETA NOT ALLSWED"

150

=1)/7¢1-EY)
I*2)/7(A(N+1)+3)

990

0To 164
(ACI)+B(])+2)
¥C1-ED)

PRINT *“NEW COMPANENT VALUES"™

S8=0
PRINT
PRINT *“COMP.
PRINT
FOR I=) TO N

ALPHA BETA*

i1-39

oHANRRONY

EC(P#*P)

V(P)*




180
182
184
186
188
190
300
302
304
305
306
308
309
3io
311
a2
314

PRINT USING T4,1,AC1),B(1)
IF AC1) <100 GOTO 186
PRINT ACI)
NEXT I
PRINT
GaTe %0
E2sER2+E) 12
C=E2/E1
BCI)=(1-CI®(E1-1)/¢CE}~C)~)
IF Bles(-]1) GOT® 330
ACI)s(BCI)*1)®EL/(1-E1) =]
IF B(I)>=0 GOTO 314

IF 1>N GOTO 312
Sgai
GOT0 314
§9=}
RETURN

3303BETAC###) 1LLEGAL

332

514
$20
600
608
604
606
608

610
612
614

PRINT USING 330.,1

Gi=}

G2=1

FOR I=] TP N

GI1sGI*#(BOYVY+I)/CACI)+B(5)+1+))

G2uG28(BC1)+2%1=1)/CA1)+BC1)+2%])%(BC1)+2%]) /A1)
B(1)e2ale1)

NEXT 1

Els] -Gt

E2=1-22G)+G2

RETURN

Gis}

G2s=1

FOR I=) T8 N

Gl1=G1%(ACIY+1)/CACII+B(1)+2)

G2mG2% (ACII+2)/CACI)I+B(I)+)

NEXT

El=61)

ER=Giw62

RETURN

Gisi

G2=1}

FOR I=) TO N

GIsGIsCAl1)+]I)/CAC)I*BC1)+]1+])

G2=G28CAL1)+22 ) /CAC1)+B(1)+2%]1)%(A(1)+2%]I-]1)/CAC])+
BC1)+2%]e))

NEXT 1§

£12G)

gEe=Ge
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620
700
702
704
706
708
710
718
714
720
90

RETURN

Gi=|

Ge=1

FOR I=] TO N
Gl=GIs(BCI)*1)/(ACI)*B(I)+2)
GR2aGR*(B(1)+2)/CA(I)I+B(1)+3)
NEXT 1

El=l-G1

E2=1-23G1+61%6R

RETURN

END




BETSB2 Program Listing

100
110
120
130
140
142
150
160
170
180
19¢
200
202
204
210
e2e
224
226

PRINT *“M=8F-N, INDEPENDEMT*

PRINT "RUN IN DOUBLE PRECISION"
S8=0

S$9=0

DIM AC21),B(21),U(21).2(21)

DIM H(C150,21)

PRINT “TYPE OF INPUT(1=PARAM,23MEANEVAR)*
INPUT St

PRINT “HOW MANY COMPONENTS?*
INPUT N

PRINT *“HOW MANY REQ'D?*

INPUT S3

PRINT *“SAME PARAMS?(1=YES,0O=NO)"
INPUT 34

IF Sa=i THEN 4000

6OSuUB 1610

IF L1<150 THEN 230

PRINT “RESET DIM AT 142%

2873USING ##4 TO REPLACE 150

228
229
230
240
260
270
290
312
320
330
332
334
350
356
ass
360

PRINT USING 227,L1

68TO 9999

PRINT 'VALUES"

IF S1=2 G8Te 320

FJR Is1 TO N

INPUT ACL).B(CI)

NEXT 1

PRINT

GOTe 470

PRINT “COMP. ALPMA BETA"
FOR 1= TO N

INPUT E1,E2

GOSUB 1200

PRINT USING 390.,1,AC1),BCI)
NEXT I

PRINT

350344 G8.0000 R 0002

470
480
490
500
510
520

El=0Q

E2=0

eosus 1820
6670 900
IsNe¢|
GASUB 1200
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PRINT "SUBSYSTEM"

rﬁ' SIOLOC VIR CORUPE OO UERT P NNONEO 00008002
540
| 550 PRINT “ALPHA BETA ECP) ECPP) VCP)™
560 PRINT
| 570 PRINT USING S30,ACN+1),B(N+1),E1,E2,E2-E112
| S80 1F ACN+1)<100 69T® 600
| 590 PRINT ACN+1)
| 600 PRINT
610 SRINT
612 IF B(N+1)>=0 THEN 9999
620 IF S9=0 GOT® 710
630 E1=CACN®1)+1)/CACNSII4- 541)42)
640 ACN®1)S(22E1-1)/C1-E1)
650 E2SEI#CA(N+])I+2)/(A(N+1)+3)
660 B(N+1)=0
670 $9=0
680 PRINT
690 PRINT “IF NEGATIVE SUBSYSTEM BETA NOT ALLOWED™
700 GOT® 540
710 IF S8=0 THEN 9999
720 FOR 1s] TO N
730 IF B(1)>=0 €OT® 770
740 E1=¢ACI)*1)/CACII4BC1)+2)
750 ACI)=(2E}=1)/C1-E1)
760 B(1)=0
. 770 NEXT I
772 PRINT
780 PRINT “I1F NEGATIVE BETA NOT ALLOWED™
790 PRINT "NEW COMPONENT VALUES"
800 S8=0
810 PRINT
820 PRINT “COMP. ALPHA BETA"
830 PRINT
840 FOR I=] TO N
850 PRINT USING 390,AC1),B(1)
860 IF AC1)<100 TNEN 880
$70 PRINT ACI)
878 NEXT 1|
880 PRINT
890 GOT@ 470
900 FOR I={ T8 LI
910 D3si
f 920 Da=l
930 FOR K2=1 T§ N
940 IF M(1,K2)<.S THEN 980
950 D3=D3*(A(KE)I+])
960 DA=DASCACKE)¢) ) (AIK2)+2)
970 GOTE 992
980 DI=D3I*(B(K2)+})
990 DARDAS(BIK2)¢1 D4 (BIKR)+2)
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992 D3I=DI/C(ACKR)+B(K2)+2)
994 DA=DA/(CACKR)*B(KR)+2)%(A(K2)+B(X2)+3))

1000
1010
1029
1030
1050
1032
1054
1056
1058
1060
1070
1071
1072
1080
1082
1090
1100
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300

NEXT K2

El=sE|+D3

E2=£2+D4-D312

NEXT I

FOR 1=1 T@ L1-.99

FER J=I+1 TO L1+.01
De=}

D3=}

Da=}

FOR K2=1 T8 N
FI=HC(I,K2)+H(JK2)
GASUB 1400

NEXT K2
E2sE2+2%(D2-D3I*DA2

NEXT J

NEXT 1

60To 510

E2sER2+E1 2

CaE2/K1
2(I)=(1-CI*(E1-1)/(E1~-C)~1
IF B(l)<=(~-1) GOTO 1310
ACI)=(B(Id+1)*E1/(1~E))~]
IF B(1)>=0 68T® 1300

IF I>N GOTH 1290

S8=|

GOTo 1300

S9=]

RETURN

13103BETAC###) 1LLEGAL

1320
13ee
1400
1410
1420
1430
{140
1450
14¢0
1470
1480
1490
1500
1310
1520
1530
1540
1550
1560

PRINT USING 1310.1

GOTO 9999

IF F9<¢3 THEN 1450
D2=DRR(A(KR)+1)

IF F9<1.5 THEN 1450
D2=DRe(A(K2)+2)

GOT® 1480

DR=DRe(B(KR)+1)

IF F9>.5 THEN 1480
De=D2#(B(K2)+2}

D2=D2/(CACKR)I +BIK2)+2)%(A(KRI+B(KR)+]3))
IF H(I.K2)<e5 THEN 1520
D3I=DISCALKR)*1 )/ C(ACKR)+B(KR2)+2)
6070 13530
D32DIC(BIK2)+1 )/ (AIKR)+BIKE)+2)
IF HC(JsK2)<eS THEN 1560
DAsDA*(A(K2)4]))/(AKR)+B(KR)+2)
GoTe 1570
DAsDAS(B(X2)* 1) /CA(K2)+B(KR)+8)
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1570
1610
1611
1612
1613
1614
1619
1616
1618
1620
1640
1650
1660
1662
1670
1680
1690
1720
1726
1730
1740
1820
18g2
1824
1825
1826
1828
1830
1832
1833
1834
1836
1840
1842
1844
1846
1847
1848
1830
1852
1854
‘856
1838
1860
1862
1864
1880
1900
1910

RETURN

Di=}

Li=}

IF N=S3<.99 THEN 1740
Z¢1)=)

LisNe+t

Z(2)=N+ )

IF N-S83<1+99 THEN 1740
FOR Xs2 T® N-S3+.0}
Dim=}

FBR De=xX+1 TO N+.01
D1s=D1%D2

NEXT D2

IF NeX<2 THEN 1720
FOR D232 T@ N-X+.01
Di=D1/D2

NEXT D@

LisL)+D]
Z(X+1IBZCNI+DY

NEXT X

RETURN

FOR 1=2tN-) TO 0.99 STEIP -1}
S$7s]1

FOR J=MN TO 1.99 STEP -)
UcJ)s=0

IF S7<2t(J~-1)=+1 THEN 1822
UcJ) =y

STs87-2¢¢J-1)

NEXT J

Uc1y=0

IF $7<.99 THEN 1840
Ucid=1

K1=0

FOR Jsi TO N
KisKi+UC))

NEXT J

I1F K1<83 THEN 1858

IF N=K]<] THEN 1858
Z(P-A1)BZIN-K])+1

FOR J=] TO N
HCZIN-K1),J)=UC))
NEXT J

NEXT I

FOR J=] TO N

HCL2J) =

NEXT J

RETURN

H(K] ,KR2)=0

IF K2>K1+.01 THEN2020
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1912
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3200
3202
10
3220
3230
3240
3230
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370

IF K1<.99 THEN2020

H(K1,XK2) =1

IF ABSC(K1-K2 Y<.01 THEN2020
IF X1<2.99 THEN 2020

FOR K3=(K1-K2+1) 19 K1~-.99
HC(K1,K2)=H (K1 ,K2)%K3

NEXT K3

IF K2<2.99 THEN 2020

FOR K3=2 TO K2-.99
H(K1,K2)8H(K] »K2) /K3

NEXT K3

RETURN
E1=C(CAC1)+1)/CAC1)+B(1)+2)) N
E22C((AC1)+]1)8CAC1)+2)/CAC1I+B(1)+2)/CAC1)+B(1)+3)) N
Ee=ER-E12

IF L1<].99 THEN $10

FOR X=) TO N-S3+.01
D3s(CACII+IITIN-XIRCB(I)*1)tX)/CACLIISB(1)¢+2)N
DAE(CACI )+ IRCAC1)+2))LIN-X)
DAsDAR((B(1)+1)%(B(1)+2)) X
DAZDA/ZCC(ACTII*BC1)+2)%(AC1)+B(1)+3)) N
DA=D4-D3¢2
E1sE1+4L3%(Z(X+]))=T(X))
E2sE2+4DA%(Z(X+1)=-2(X))

NEXT X

FOR I=0 TO N-53-.99

KlsN+|

K2=te}

GOLUB 1900

Fl=H(K1,K2)

FOR Jsl+1 TO N-S3+.01

KisN+)

K2=Jj+1

GOSUB 1900

FeasHIK]sKR)
DASCACLI)*))L(N=-J)*(B(1)+1)¢)
DaAmDA/ C(ACI)+B(1)+2) t(2%N)
DABDARCACI)+ 1) (N-L)8(B(]1)e¢1) ]
EQsE2-2%F | #FR%D4A

FOR F3=0 T® 1+.01

KiaJe+)

KeaF 3+)

GOSUB 1900

FAsH(K] 2K2)SF | &F2

IF F3<.99 THEN 3370

FOR Ki=} TO F3+.01
FasF4x(J=K]+])

NEXT K1

IF 1-F3<.99 THEN 3410
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3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3330
3540
3550
3360
3570
3580
3590
3600
3610
3615
3620
3630
3640
3650
3660
3670
3672
675
3680
3690
3700
3710

J720-

3730
3740
3750
3760

3810
3820
4000
4002
4010
4020

FOR Ki=1 T (I-F3+.01)
FAsFAR(N=-J-K1+1)

NEXT K1

IF 1<«99 THEN 3450

FOR Ki=]l TO 1+.0]

FAasFA/(N-Ki+1)

NEXT K1

Da=}

IF F3<.99 THEN 3480
DA=DAS((B(1)+1)%(B(1)+2))*F3

IF (leJ-28F3)<.99 THEN 3500
DAsDA%C(ACL)+1)%(B(1)+1)) 2 (I+J=-2%F])
IF (N=1-J*FJ3)<.99 THEN 3520
DA=DA%(CACI)+1I%CAC1)+2)) tUIN=-1-J+FJ)
DA=DA/CCACII*BC1)+2)%CAC1)*B(1)+3)) N
E2sE2+24F 4%D4

NEXT F3

NEXT J

NEXT 1

FOR I=) TO® N-S3+.01

KloaNe+]

K2s]+|

GOSUB 1900

FS=H(K] »KR)

FOR F3=0 T# 1-.99

Kisle}

K2sF3+1

GosuUB 1900

FAsFSaH(K].,K2)

KizN=]+])

K2=1-F3+1

IF K2>Ki THEW 3800

GESUB 1900

FAsFasH(K] ,K2)/2
D3=CAC1)+1 )P (N-1)8(B())+]1) ]
DI=(DIZC(AC)Y*B(1)*2)*N) *2
L2sE2-2%F4*D3
DAsC(BCL)+1)*(B())+2)) *FI

DASDASC (A1 )+ 1) (BC1)+1)) v (2%(1-FI))
DASDASC(ACI)*1)SC(A(1Y42)) 1 (N-R*]+F3)
D4sDA/C((AC1)+B(1)+2)8(AC1)+B(})+3)) N
ER2aER+2#+F 4%D4

NEXT FJ

NEXT 1

coTe® S10

PRINT "“VALUES?"

IF Si=2 THEN 4030

INPUT AC1).B(Y1)

6070 41190
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4030 INPUT E1,EP

4040 1=}

4050 GESUB 1200

4060 PRINT "ALPHA  BETA"
A0T0SSFAIFE  #50.0804
4080 PRINT USING 4070,AC1),B(1)
4090 IF AC1)<1000 THEN 4110
4100 PRINT A(1)

4110 GOSUB 1610

4120 GOTO 3000

9999 END

READY.

II-48



BETSB 3 Program Listing

1 PRINT "*M~0F-N IDENTICAL®"

2 PRINT "“RUN IN DOUBLE PRECISION™
4 S8=0

5 S9=0

7 DIM AC21),B(21)

8 DIM H(200,10)

10 PRINT “TYPE OF INPUT(]=PARAM,2sMEANEVAR)"™
12 INPUT 81

14 PRINT "HOW MANY COMPONENTS?"™
16 INPUT N

22 PRINT “K@W MANY REQ°D?"

24 INPUT 83

26 PRINT "VALUES”

28 JK S1s2 THEN &4

32 INPUT A{1),BC(1)

a8 &8Te 76
es §2)

66 INPUT E1,E2

68 GOSUB 300

70 PRINT 'ALPHA BETA*

72 PRINT USING 74,AC1),BC1)

TAspeR.0000 HR0.0000

76 PRINT

100 Ei1=0

102 E2=0

104 GOTO 204

110 1s=N+i

112 GASUB 300

LIASROG 0000 G0 0008 00000000 RN F0087 000000 NN
116 PRINT *“SUBSYSTEM"

118 PRINT "ALPHA BETA E(P) E(P*P) V(p)*»
120 PRINT

122 PRINT USING 114,ACN+1),B(N*1),Ei,ER2,E2-E12
123 IF A(N+1)<1000 GOTO 1298

124 PRINT A(N+1)

125 PRINT

126 PRINT

130 IF S9s0 THEN 150

132 E1sCACN®1)*§)/7CAIN®LI+B(N®])+2)

134 ACN+)S(20EL-1)/C1-E 1)

136 ERSEI#(A(N+1)*2)/(A(N+1)+])

138 B(N+1)=0

140 S9=0
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142 PRINT

144 PRINT "]F NEGATIVE SUBSYSTEM BETA NOT ALLOWED"™
146 GOTEG 116

150 IF S8=0 THEN 9999

152 FOR I=1 TO N

154 1IF B(l)>s0 GOT@ (64

156 E1=CACII*1)/7CACII+B(]1)+2)
158 ACI)=(2*E1~1)/C1=E1)

162 B(I)=0

164 NEXT I

145 PRINT "1F NEGATIVE BETA NOT ALLGWED"
168 PRINT 'NEW COMPONENT VALUES"™
170 S$8=0

172 PRINT

174 PRINT "“COMP. ALPHA BETA*
176 PRINT

178 1=}

180 PRINT USING 74,1,AC1),B(1)
182 IF AC1)<3000 THEN 188

184 PRINT ACD)

188 PRINT

190 GoT® 100

19319

198199

204 FBR I=C TO N-S3+.01

206 Ki=Net}

208 K2sl+1

2:0 GASUB 1900

212 FaAsH(K],K2)

214 GOSUB 1000

216 El=E)+Fa%xD])

218 GASUB 1200

220 E2=E2+FA%(D2-D}12)

22 IF 1<.92 THEN 236

224 KinFae)

226 K2=3

230 G@SuUB 1900

232 FasN(K]IK2)

2l4 E2sE2+2%F a%(D2-D1+2)

235 NEXT |

£38 FOR 1120 T@ N-S3-.99

240 K)=nN+)

242 Kg=lle)

244 GOSUB 1900

246 FS5sH(K) »K2)

248 Is]1

250 GesuB 1000

252 DI=N)

254 FOR 12:]1+1 TO N-$3+.01
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256
258
260
262
264
266
268
270
2712
274
276
278
280
4.1
284
286
ess
2%0
292
294
296
298
300
302
304
305
06
Jos
309
310
KD Q)
e
J14
330
332
334
1000
1010
1020

KlsNe|
K2=]p+|
GOSUB 1900
FAsH(K] ,K2)
I=]2
6OSuUB 1000
D4=DJ3*D|
DesD1
FOR Ki=] T@ N-11+.01
D2=D2% (A(1)+N~-12+K1)
NEXT K1
IF 11<.99 THEN 286
FOR Kis) T® li+.01
DEsD2#(B(1)+]12+K1)
NEXT K1
FOR Ki=1 T N
D2=D2/(AC1)+B(1)+NeK*Y)
NEXT K1
E2sE2+2%F 4%F 5% (D2-D4A)
NEXT 12
NEXT 11
6oTo 110
EemER+E} 02
Cs=E2/EI
B(1)=a(1-C)*(E1-1)/CE1-C)~]
IF B(I)es(-~1) 6OT® 320
ACI)=(R(I)*))%E] /(1 =-E1 )~
IF B(1)>=0 GOTO 314
IF 1>N 6070 312
S8s}
GOTS 314
8$9=;
RETURN
BETAC###) ILLEGAL
PRINT USING 330,!
GOTO 9999
Di=}
IF 1<+99 THEN 1050
FOR Ki=1 T® I+.0)

1030 DIsDI*(BC1)I*KY)

1040
1050
1060
1070
1080
1090
1100

NEXT X1

FOR Ki=1 T® N-1+.01
Di=DI*CACI)*K1)

NEXT K1

FOR Ki=) TO N
D13D1/7CAC1)+BCY)+K)+])
NEXT Ki




T T

1110
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1900
193¢
|91e
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
9999

REJURN

D2=1

IF 1<+99 THEN 1250

FER Ki=1 T® 1+.0}
D2=D2%(B{1)+2%K]1)#(B(1)+2%K]~1)
NEXT K1

FOR Ki=] T@® N-]+.0]
D2=D2%(AC1)+2%K]122(A(1)+22K1~-1)
NEXT X\

FOR Ki=} TO 2+¢N+.01

D2=D2/ C(AC1)+B(1)+Kl+})

NEXT K1

RETURN

H(K1,K2)=0

F K2>K1 THEN 20:4

IF K1<499 THEN 2020
H(K)»K2) =}

IF A9S(K]-K2)<.01 THEN 2020
IF K1 <2.99 THEN 2020

F8R K3x(K1-K2+1) TO K1-.99
H(K]1,K2)=H{K] ,K2)#K3

NEXT K3

IF K2<2.,99 THEN 2020

FOR K3=2 TO K2-.99

H(K] 2K2)=H(K],K2) /K3

NEXT K3

RETURN

END

READY.
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BETFTA Program Listing

1 PRINT “FOR EXPLANATI@N LIST 80000*
2 DIM M(20),6(20,100),D(20,100)+C(20,100),7(20,100),U(20,100)

4 DINM AC20),B(20)
6 PRINT *“HOW MANY LEVELS?"
€ INPUT L

12
13
14
15
16
18
20
ge
24
25
26
28
29
30
e
34
35
36
)
38
39
40
4]

A2
A3
44
45
46
47
48
49
S0
S
Se
58
60
452

PRINT "EVENTS? (LOWEST FIRST) (SiNGLE ASSUMED AT ToP)*

FOR I=] T@ L~-.99
INPUT WCD)

NEXT 1

M(L)=]

K2=}

PRINT “DESTINATION?*
FOR I=) 10 L-.99

FOR J=1 TO M(I)
C(l,J)xy

PRINT 13J3

INPUT DCILD)
GCle*),D(1,0))=-}
NEXT J

NEXT 1§

PRINT "CONDITIONALS?(0,0=SKIP)"
INPUT 1,J

IF I=0 THEN 4}

PRINT "“PCONDITIONAL"
INPUT C41,J)

PRINT “NEXT?*™

GOTS 235

PRINT *“GATE TYPES"
FOR 1=2 TO L

FOR J=] TO M(D)

IF 6(1,J)>-.5 THEN 48
PRINT 132

INPUT K23

G(I,J)=K3

NEXT J

NEXT 1

FOR 1=1 TO L-.99

FOR J=1 TO mM(I)

IF 6C¢1,J)>0 THEN 60
READ T(1.,0,Ucl,d
NEXT J

NEXT 1
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64 PRLIAT

70 FOR 11=1 T L-.99

72 FOR Ji=) TO M(ID)

74 1F N>0 THEN 78

76 K1sDC11,J1)

78 N=N+}

80 A(NI=T(I1.,J1)

82 B(NI=UCI1,J1)

84 1F C(11,J1)=1 THEN 90

86 ANI=C(ACNI+B(NI+2)/C(115J1)-BIN)-2
90 IF J1>aM(11) THEN 200

92 1F D(11,J1+1)<>K] THEN 200

94 NEXT J1

96 NEXT 11

100 PRINT

102 PRINT

1062 SYSTEM (ITERATION ##)

108 PRINT USING 106,K2

110 PRINT *ALPHA BETA EP) E(PsP) V(P
112 PRINT

11ASHA 00 SO0 00 AER0R0  HOTAN0 M0N0 00 00
116 E1=(TCL,1)+41)/7(T(L21)+U(Ls1)¢®)
118 E2=E12(T(Lo1)+2)/C(T(L,1I*UCL,1)+])
120 PRINT USING 114,T(Lo1)sUCLo1),E1-ER,ER-EI*R
122 PRINT

124 PRINT

130 K2=K2+}

136 GOTE 50

200 ON G(I1+1,K1)+e1 GOT® 500,700,600,400
202 T(11+1,K1)=A(N+1)

204 UCI1¢1.,K1)=B(N+1)

205 PRINT I1+13K13ACN+1),B(N+})

206 N=0

210 GETe %4

300 IsN+|

302 C=E2/E)

304 B(I1)a(1-CIsC(EL-1)/(E1I-C)~1

305 IF BC(I)<s(-1) THEN 330

306 ACII=(BCI)*t)SEL/(1-E])-]

314 GOTO® 202

J303BETA(#, ###) ILLEGAL

232 PRINT USING J330,11+1,K)

334 GOTO® 99999

400 Gi=1

402 G2=1

404 FOR I=1 T@ N

406 GI=Gi*(BC1)I+I)I/CA(1)+B(1)¢1+))

A8 GR=G2%(B(1)+2%1-1)/CAC1)+B(1)+2%x[)R(B(1)+2%1)/(A(1)+
BC1)+2%1+1)

I1-54



a10
ai2
Al4
420
500
502
S04
506
508
510
512
514
520
600
602
604
606

608

610
612
614
620
700
702
704
106
708
710
Te
714
720

NEXT 1

El=1-G)

E£2x1~2%01+62

GOTO® 300

Gi=1

62=1

FOR I=1 TO N

Gil=Gl*CACId+1)/CACII+B(]1)+2)

GouG2%(AC1)+R)/(A(I)+B(]1)+])

NEXT 1

E1=6G]

E2=G1%62

6979 300

Gi=}

Ge=1

FOR I=1 TO N

GI=G1*(ACII*I)/ZCAC1)*B(1)+]+])

G262 (AC)I+2%1)/CAC1I+BC1)+2%]1)B(A(1)+24]~]1)/CAC] )
B(1)e%14+1)

NEXT 1

El=G}

E2=G2

68T 300

Gi=!

G2=1

FOR I=1 T N

GI1=GI1*(RB(1)+1)/CAC1)+B(1)+2)

G2=G2¢(B(I1)+2)/CACI)+B(I)+J)

NEXT 1

Els}~Gl

E281-24G1+G) %62

GOTe 300

80000 REM GATE TYPE 1 OR,INDEP3 2 AND,INDEPs 3 BR,1D3

4 AND,ID

80002 REM GATE BELOW LEVEL I, JTH EVENT

80004 REM ALL GATES EXCEPT INHIBIT MUST BE SEPARATED BY EVENTS
89006 REM DESTINATION IS INDEX J OF I+1TH LEVEL EVENT

80008 REM PCONDITIONAL IS INWIBIT (FAIL) PROB. (DEFAULT=1)
80010 REM WRITE ALPHA,BETA IN DATA STATEMENTS 90000 UP

80012 REM STARTING WITH ALL LEVEL 1 (LOWEST)» ETC

80014 REM IF MULTIPLE SETS PROVIDED, PROGRAM wWiii I1TERATE
800316 REM UNTIL DATA EXHAUSTED

80018 REM FOR TYPE 344 GATES, FIRST E VENT AsB ARE USED

29399% END
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BETALl Program Listing

31
e
34
36
38
39
40
Al
a2
44
48
50
52
58
10
10
10
10

PRINT “RUN IN DRUBLE PRECISION"
DIM AC1003,BC107 "»C(100),DC100Y,EC100),F(100),XC(100)
PRINT “PERMIT NEGATIVE BETA?"
INPUT §9
F2=
PRINT "“TYPE OF INPUTI"
PRINT *1=PARAMETERS,2=MOMENTS (MEAN & VA)*
INPUT S1
PRINT *“HOW MANY COMPONENTS?"
INPUT N
PRINT "VaLUL'S? (THIRD VALUE IS COST OF FIRST TEST)"
FOR 1=) TA N
iF Si=] THEN 2
INPUT Els22,CC1)
GosuB 300
GOT3 24
INPUT AC1)LBCI),C(D)
608SUB 100
NEXT 1
PRINT "DISPLAY COMPONENT VALUES?"
INPUT S2
IF 52=0 THEN a8
PRINT

PRINT "N@. ALPHA BETA ECP) EC(PsP) vipP) cosT"

PRINT
SOGN SORRO0 0000 ONRURE ONRIRN HONNOHER FANNNI 00
FOR I=) TO N
GesuBs 100
PRINT USING J32,1,AC1),B(1),E1,ER2,V.C(D)
IF AC]) <10000 THEN 4}
PRINT ACI)
NEXT 1
PRINT
PRINT
Kis0
GoSUB 200
PRINT “FIRST COMPONENT TESTED"™
GOTe 400
0 EisCACI)*1)/7CACI)+B(1)+2)
2 E23EI=(ACI)+2)/(ACI)+B(1)+])
3 vsEe-(EI*Lk))
4 IF 1>1 THEN 107
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105 Fi=]

106 Fo=|

107 FisFi*E)

108 F2=F2«E2

120 RETURN

200 PRINT

202 PRINT

204 PRINT *FOR SYSTEM"

206 PRINT

208 CsF2/F1

210 Bi=(1-CI*(F1=-1)/(F1-C)~-])
212 Al=(Bl+1)*F1/C1-F})-1

214 VsF2<-(F1*F1)

216 PRINT

218 PRINT "E(R) E(R*R) V(R
220 PRINT

222t 000804 s oSNNS
224 PRINT USING 222,F1,F2,V
226 PRINT

228 PRINT

229 IF Bi<0 THEN 360

230 R2=Bi»)

231 IF ABS(BI+1-INT(HI+1))<.0000001! THEN 900
£32 GASUB 800

234 R4as-R

236 R2=A1+B1+2

237 IF (A1+1)>100 THEN 350

238 GosSue 800

240 R4sR4A<+R

242 R2aAl+])

243 GOSUB 809

244 RA=ENP(RA-R)

243 UY3s0

246 Uax0

247 yB=0

248 US=0

249 U630

250 GOSUB 930

252 gesuB 700

255 PRINT *“CLOSURE"

256 PRINT UB#.006000001

257 PRINT “LOWER CONF. BOUNDS"
58LB0 #0080 90 0N 08 95 000
260 PRINT USING 258.U3,U4,US
262 PRINT

264 PRINT

270 RETURN

300 E2sER+EI*E!

301 CsE2/E1L
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302
303
304
305
306
308
310
312
J14
16
320
330
332

BCI)=(1-C)*(S)~1)/CE]1-C)-]
IF S9=1 THEN 305

IF BCI)<0 THEN 336

IF BC1)<<¢-1) THEN 330
ACLI=(B(1)+1)*E1/()-El8)~1]
IF [>1 THEN 3t4

Fi=i

Fe=}

FlaF1%E]

F2=F2»E2

RETURN

PRINT "ILLEGAL BETA™
Gere 990

334tB(##4) CHANGED FROM #.40¢

336
338
340
342
344
350
352
354
360
362
J64
366
400
402
404
406
408
410
412
al4
416
420
430
432
434
435
436
438
440
a4}
442
443

PRINT USING 334,1,B(1)
BC(I)=0

ACIX=C(2%E1~-1)/7(1-E})
E2BEIS(AC1)+2)/7¢CACI)+3)

GeT8 308
RI®(R2~5)8LBG(RE2)I~(AI+.5)%LOGCAL+}])
RA=EXP(R4¢R1-Bl~-})

GOTe 245

R2=B1+}

GosSup 8sgp
R=LOG(R3)-LBG(BI+1)

GOT® 234

FOR 1=} T N
E1=CACY)+1)/CACI)+B(])+2)
G1=C(ACI)*1+E1)/(AC]1)+B(1)+])
E2SEI®C(ACII+2)/CACI)+B(]1)+3)
G2uGIB(ACI)S2+E1 )/ CACII+B(]1)+4)
G3=aF1%G1/E1

GA=F2#G2/K2
DC(1)=F2-F112-G4+G3t2
X(1)=DC1)Y/C(})

NEXT 1

HM=0

FOR 1=} TO N

IF X(1Y<M THEN 440

IF X(I)=M THEN 440

MeX(1)

S3=}

NEXT 1

E(S3)=E(S3)+])

PRINT "NO. DELV CoST *9T COsT

F(S3)=F(S3)+C(SY)

QAASERE 0PN OINN0 FEOR NP FRNONO. MY

446
447

PRINT
Ki=K1+C(S3)
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448 PRINT USING 444,53,X(S3),C(S3),K1,E(S3)
449 PRINT

450 I=S3

451 60SUB 100

452 A(S3IIEA(SII+E]

4353 B(S3)=B(SJ)+1-E)

454 FOR I=]1 TO N

455 GOSUB 100

456 NEXT 1

457 GbSUB 210

A58 GOSUB 600

A59 PRINT "C@NTINUE?"

460 INPUT X

461 IF K<e99 THEN 500

462 PRINT “CHANGE NEXT C@ST?"
463 INPUT X

464 1F K<.99 THEN 487

4651 NEW C(##0)=?

466 PRINT USING 465,53

468 INPUT C(SD)

487 PRINT

488 PRINT "NEW VALUES FOR LAST COMPONENT TESTED®
489 GesuB 100

490 PRINT “N@. ALPHA BETA E(P) ECP=P) v(P) cosT”
49]1 PRINT USING 32,1,AC1),BC1)Y,EL.E2,V,CCD)
492 PRINT

495 F@R 1=) TO N

496 GOSUB 100

497 NEXT 1

498 PRINT “NEXT COMPONENT TESTED"

499 GOTO 400

S00 PRINT "DISPLAY STATUS FBR ALL COMPONENTS?*™
502 INPUT Ka

504 IF KA4<.99 THEN 990

506 PRINT -

508 PRINT “N@. ALPHA BETA E(P) TESTS cest
$S10 PRINT

SICI000 000800 SR80 002000 000 N000000.00
S13 F6R I=1 TO N

514 GOSUB 100

519 PRINT USING S12,1,AC1)5»BCIILEILECL)SFCD)
S16 IF AC1)<10000 THEN 519

S17 PRINT ACD)

S19 NEXT 1}

520 PRINT

522 PRINT

%30 6oTe 990

600 PRINT

602 VBsFe-~(F1aF))
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604
606
608
610
612
614
616
618
620
622

Vs

Fés1

FOR 1=} T N
E1=C(AC1)+1)/CACII*B(])+2)
F3n(ACI)+ELI* 1) 7 (ACI)*B(1)+I)
FASF3*CACII*EL+2)/C(AC1)+B(1)*4)
FS=FSsf3

F6=F6+F 4

NEXT 1

V9uF 6~ (F5*F5)

62AIECDELVARIEZ 400840 4S

626
628
630
638
640
700
702
704
706
708
o
712
714
716
n
s
720
722
724
725
726
727
728
730
732
T34
736
738
740
800
804
805
806
80u
810
820
8ee
824

PRINT USING 624,VE8-V9

PRINT

PRINT

I=33

RETURN

IF S4<.975 THEN 706

$58.95

6eTe 727
S6=.001%INT(1000%S4)+.025

FOR X%.999 TO (S6-.000)) STEP -.001
GOSUB 840

NEXT X

$5=56~ .09

R4=RA4/10

Ue=.18Ué

FOR XuS6-.0001 TR S5 STEP -.0001
GOSUB 840

NEXT X

Ra=10%R4

IF §$5<0 THEN 736

IF SS=0 THEN 736

Ué=10%U6

FGR X=$85-.001 T0 O STEP -.001
GOSUB 840

NEXT X

GeTé 740

PRINT “MODE <s=.023"

PRINT “INTEGRATIEN TRUNCATED"
RETURN

Ri=0

IF R2<2 THEN 820

IF R2s32 THEN 820
R1=R1+LOGC(R2~1)

R2=R2~)

GO0To 804

R2=R2-1
R3%1-.5748646¢R2¢.9%512363¢R212
R3I=2R3=+69985882R2 13+ ¢ A245549%R2 %4
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826 R3=R3-+.1010678%R215
828 RsR1+LOG(RIY)
830 RETURN
840 IF X>0 THEN 843
841 UT=0
842 GOTO B84a4
843 UTSEXP(AI*LOG(X)+BIsLAG(1-X) +L. .(R4A)+LOG(S50000))
844 UB=sUB«UT+US
84S IF U3>0 THEN 850
846 IF UB<B80000000 THEN 864
848 U3=X .
8350 IF U4>0 THEN 856
852 1IF UB<90000000 THEN 864
854 Uas=Xx
856 IF US>0 THEN 864
8S8 IF UB<95000000 THEN 864
860 US=X
864 UbsU7
870 RETURN
880 R4=10%R4
882 RETURN
900 Rs)
902 FOR J=1 T0 Bil+1
904 R=R*(Al+J)
906 NEXT J
. 908 FOR J=2 16 B}
910 RsR/J
912 NEXT J
914 RasR
920 G8Te 245
930 SamA1/(A1+BY)
932 IF S4<.975 THEN 960
933 IF S4<.99 THEN 93¢
934 1F S4=.99 THEN 936
935 6OTO 962
936 S43.97S
944 RA=R4A/10
946 FOR X=.9999 TO .94999 STEP -.0001)
948 5863UB 840
950 NEXT X
952 Ras]0OsR4
960 RETURN
962 UGSEXP(AISLBG(.9999)+B1%:.0G(.0001)+LOG(RA)+LOG(5000))
963 U9sUé
964 Ra=RA/10
965 FOR X=.9996 TO 94999 STEP -.0001
966 GOSUB 840
968 NEXAT X
970 Ué=10%U6

N
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972 R4=j0*R4

974 FOR X=.949 T O STEP -.001
976 GOSUB 840

977 NEXT X

9T8I"INT +9999 TO (1=."0s0¢

979 UB=}100000000-UB

980 PRINT USING 978,U8+.00000001
981 UesU9

982 U3=0

983 Uas0

984 US=0

983 RA=R4/10

986 FOR X=2.9998 TO 94999 STEP -.0001
98" GASUB 840

988 NEXT X

989 GOTE 880

990 END

READY.
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APPLICATION OF RESULTS

The results obtained from this study provide a means
of assessing overall system reliability and subsystem and
component reliability as well. The systems application
will be outlined first; the simplified techniques to be
used for the reliability analysis at lower levels will

follow. The overall applications procedure is outlined
in figure 25.

SYSTEMS APPLICATION

The assessment of systems level reliability using this
methcdology requires that a reasonable description of the
system and the mission be available. The following five
step procedure requires that system configuration and com-
ponent identity be knowr and that mission profile para-
meters including number of cycles, cumulative operating
time and elapsed mission time be available for every mis-
sion tim2 point analyzed.

Fault tree development. At the system level the initial
step requires the development of a fault trece for the sys-
tem heing analyzed. This study included the development of
seven typical system fault trees that should be applicable
(with minor modifications) to a broad range of propulsion
systems. This analysis process need only continue down to
those levels of the system for which models have been de-
veloped.

Mndel Quantification. The second step involves model iden-
tification and the determination of parameter values. Using
the developed fault tree determine which expression con-
tained in Volume I will be required. Assign the values

to the identified input parameters corresponding to the
mission times being analyzed. Note that component operating
parameters (such as operating time and cycles) are indepen-
dent of mission time. This allows the structuring of duty
cycles that vary with the mission being assessed. Model
identification and the appropriate parameter values for

the time points being analyzed are then provided to the
COMP1 computer program as requested (COMPl is an interactive
program) .

11-63




2Inpadoad uorizestrddy AboTopouisy

[4]A ONV (H]3 13A37
W3LSAS NIVig0

!

1S343LINI
40 1NIOd INIL
HIV3 1V SONNOS
JINIAIINGT 13IA3T
NIISAS NiIVigO

f

Il Tvi3g
OLNI SHO14143S30
WNI1SASENS LNdNI

}

i dvi38

V14138 01N)

3341 1Inv3 aNv
AN3INOJINOD LNdNI

P

195138 [

285138

£85138

SN ONV SO'H aNv
S5'd ININY3130

AGN4S 30 34028
30ISLNO SLININOJWOI HOd

Il dNOJ O1NI
INIOd IWIL HOV3 HO4

ONV S311LLN3CI
AN3INO4INGCI LNdNI

SINTYA HILINVHYE  |eem—d

G3ZATVNY
SNI38 WILSAS HOJ
3341 11nv4 d0T3A30

I1-64



T Ty

If it is desired to consider components beyond the
scope of the study in the system, the following procedure
is used:

Determine the median and 5% lower bound values
of reliability of the component. While no model
will be directly applicable from this study, the
compendium of models provided and the approaches
outlined should serve as a useful gquide.

. Use the BETAPl approximation technique to obtain
@ and B parameters of the Beta distribution
used to aggregate to the subsystem and system
levels.

System Level Analysis. From COMPl and for BETAPLl, the o

and ( parameters for the Beta distribution will be available.

These parameters and the complete description of the fault
tree (as described in the NUMERICAL PROCEDURES section) are
provided to BETFTA if M out of N redundancies are not used
in the system. For the special cases using M out of N
redundancies, BETSB2 or BETSB3 are used as directed in the
NUMERICAL PROCEDURES section. From COMPl (or the iterative
use of BESB2 or BETSB3; system level assessments of expectud
reliability E {RSYSTEM and associated variance V {RSYSTEM}
are obtained.

Reliability Estimate Bounds Computation. The results of
COMPl (or BETSBl, BETSB3) provide input for the BETAL!
program which computes the system level confidence bounds.
t should be noted that BETAL1 can be used as soon as a
level is reached in the fault tree where the remaining
elements are connected by OR gates (£=\ ) only.

As discussed in the CONCLUSIONS section a closed form
systems level solution was not possible. To obtain a
description of the system reliability variation with mission
time, the last three steps in the above procedure must be
repeated for each time point of interest.

Identification of Reliability and Uncertainty Drivers. If
the results of the preceding calculations are entered on the
system fault tree the reliability and uncertainty hierarchy
will be readily observable. Those components most critical
to system reliability and system uncertainty will be iden-
tified by tracing through the fault tree top to bottom.
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In general it should be noted that the above procedures
do not discriminate between systems and subsystems. The
process is equally applicable to major subsystem. For com-
plex systems it may prove desirable to treat major sub-
systems as systems to keep the process from becoming un-
weildy, leaving the aggregation to the systems level as a
final step.

COMPONENT AND LIMITED SUBSYSTEM ANALYSIS

To assess subsystems of a simple nature (four components)
or isolated components when aggregation to the system level
is not desired. The following simplified procedure should
be employed.

Determine and Quantify Component Models. Select the appro-
priate models from the RESULTS section. Identify the values
of the required parameters for each time point being ana-
lyzed. For subsystem analysis, compute the reliability
values at the median (R,s) the 5% Lower Bound and the 95%
(R, g5} Upper Bound. (This involves the use of A's and

o 's subscripted with .5 for the median case. However,
for the 5% lower bound case the \'s subscripted with .95
rust be used along with @'s subscripted by .05. Input
these results into BETSBl to _obtain the expected subsystem
reliability and variance E{R} and V {R}, respectively.
BETAL1 is not required since the bounds were already com-
puted. It must be noted that while fractiles hold in
transformation that is:

R,os = £(A 95, @ p5)
Rg =f£f(A 5, 25)
R g5 = f(A o5, %95)

the expected value does not
E{R! # £(E {1}, « g ONLY]

For analysis of individual components the mean (R j3)
the lower bound (R,6gs5) and the upper bound (R g5) are com-
puted using the models obtained from the results section.
Then the following calculation will yield the expected
value of reliability.
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Determine the standard deviation. From

R.0o5 = expl MR - 1.645 ¢ ] (1)
and
R.5 = exp(u R) (2)
where pr = mean of the reliability
distribution
0= standard deviation of
the reliability dis-
tribution,
obtain
Hp = In(R ,z)
o = R .05 (3)
1.645
and
In(R g) = Mg ‘ (4)

From (3) and (4) obtaingc

In (R - In R

.5 .05

1.645

g=

Determine the expected reliability FE ;Rf

BE{R} = expl ¥ + ]
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SUMMARY AND CONCLUSIONS

A credible, standardized basis for reliability com-
parison of thermochemical and electric propulsion concepts
has been developed. The method employs detailed assessment
of reliability at the component level and aggregates these
estimates to provide a system level assessment using fault
tree analysis as the system framework. Inherent in this
approach is the capability of providing reliability esti-
mates at all intermediate levels. Methodology credibility
is assured through the quantification of estimate uncertain-
ty at the component level and the systematic aggregation of
this uncertainty to 211 higher levels.

It was not possible to develop a closed form analytical
expression for the vaciation of system reliability as a
function of time with the diverse set of component reliabil-
ity models that resulted. To determine the time-wise sys-
tem behavior, the methodology must be exercised at several
time points and a curve must be fitted to the results. The
principal obstacle to a straight forward system expression
was fundamental: the inclusior. of non-constant failure
rates. It vas concluded however that certain failure me-
chanisms (such as wear, fatique, erosion) significant to
the long duration missions of interest could not be realis-
tically modeled with the constant failure rate approach.

The imposition of this artificial restraint would not have
to be justifiable merely on the grounds of mathematical
tractability.

The results include the capability of identifying
those components that are the greatest contributors to sys-
tem failures. The determination of these "reliability
drivers" cannot realistically be accomplished without
reference to their positinn in *he system configuration,
their expected cperating lives and duty cycles, and assess-
ment of the uncertainty surrounding the reliability es-
timates themselves. With this information the methodo-
logy can also provide identification of those components
that are the greatest contributors to system estimate
uncertainty. Furthermore, a technique to develop test
planning strategy to optimally reduce system uncertainty
at minimum test costs has been generated anc¢ adapted for
application to the system included in this study.
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Finally, the developed methodology is modular throughout
to facilitate revision and updating as additional reliability
information becomes available. The component failure mode
partitioning can be revised without requiring development
of new component models. Changes at the component level
can be made with minimum impact on the structure of the
system fault trees. The functicnal approach taken in de-
veloping the system fault trees provides the flexibility of
fault tree modification without the need to redevelop the
entire fault tree structure. An example of this flexibility
is provided by the thermochemical systems assessed. This
category included three propulsion system concepts. For
the purpose of fault tree development each system employed
a different pressurization scheme (blowdown on the catalytic
monoprop, pressurized surface ter.sion on the electrothermal
monoprop and regulated constant pressure on the biprop).

In reality, any combination of pressurization scheme and
propulsion concept is feasible. In an analagous manner the
fault trees for these systems can be readily modified to
reflect this interchangeability. Therefore nine system
variations can be synthesized from the three baseline con-
figurations used in this study.
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E {R} or E {p}

E {R*R} or E {p*p}

v {r}

ALPHA

BETA

DELV and DELVAR

E (DELVAR)

Independent Components

L ™

GLOSSARY OF TERMS

Expected value of reliability

Expected value of the square of
the reliahility (the second moment
about the origin).

Variance associated with the ex-
pect2d value of reliability and is
given by

v {r} =  {R2} - E2 {R}

Label used in computer programs

developed in this study to iden-
tify the @ parameter of the g-

distribution

Label used in developed computer
programs to identify the B para-
meter of the f-distribution

Used in program BETALl to repre-
sent "delta variance", the ex-
pected change in variance of the
uncertainty distribution DELVAR
is used at the system level,
DELVAR at lower levels of aggre-
gation

Expected value of DELVAR

Components are regarded as being
statistically independent if there
is no reason to believe their (un-
known) failure rates are alike.

It is therefore possible for com-
ponents to be independent cven if
the corresponding distribution
parameters are alike.
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Identical Components Components are regarded as statis-
tically identical if they are
drawn from the same production
lot because the initial and sub-
sequent uncertainty descriptors
remain alike (except for known
differences in application stresses).
See Appendix B for a discussion of
independent/identical distinction.

Mission time = Elapsed time from start of mission
to the time at which reliability
is being assessed. The units
used are hours

Operating time = Accumulated hours of actual
operation at the time reliability
is being assessed. The units used
are hours.

Pressurized time = Elapsed time from final charging
and pressurization of component
or subsystem to the time at which
reliability is being assessed.
For all the systems analyzed,
pressurized time will be equal
to or greater than mission time,
The units are hours

Design cycle life = Nominal number of operating cycle
for which component was designed.

Design mission life = Nominal mission length for which
component was designed

Design operating life = Nominal accumulative operative

time for which component was de-
signed.
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APPENDIX A
EXAMPLES
Electronic Components Reliability
Estimation Procedures
Example 1: Diode, General Purpose, Silicon
Example 2: Capacitor, Tantalum Solid

Example 3: Transformer, Power

Methodology Application Examples
Example I Mercury Ion System

Example II Catalytic Monopropellant
System

Example III M-out-of-N Redundance
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ELECTRONIC COMPONENTS RELIABILITY
ESTIMATION PROCEDVRES EXAMPLES

EXAMPLE 1

Diode, General Purpose, Silicon

Device Characteristics:

TM AX maximum junction temperature
T . .
S temperature derating poin¢
IM AX maximum rated average forward current

Rated voltage

Application Characteristics:
Heat sink temperature

Operating average forward current

Applied voltage

Calculation of Expected Failure Rate

Part Failure Rate Model:

Ap =Ap (g "QTA gy T C) t‘ailures/lo6 hr

175°C

259C
500 ma

200 v

25°C
200 ma

140 v

Mp is found by table look-up (Table 2.2.4-6), * requiring

temperature !

(T=T) and electrical stress ratio (S)

*
All references to tables and figures in Examples 1, 2, and 3

can be found in MIL-HDBK~217B.




S is given by

I
s=IOP (C.F.)

MAX

andC.F. =1 for T = 175°C T = 25°C

MAX S
So that
_ 200 _
S = 00 " 4
The table yields
b 0. 0023

The -factors are obtained from Tables 2, 2.4-1 through 2. 2. 4-5:

Factor Value
o Space, flight 1
"Q JANTXYV quality 0.5
a Small signal 1.0

Voltage stress a0 x 100 = 70%  0.75
"S2 E€ SIress 300 o o
e Metallurgically bonded 1

thus

)\p = 0,0023+1+0,5°1+0.75-1 = 0.0008625 failures/lo6 hr




o~

Uncertainty Expression

As noted earlier, the lognormal distribution model with square

of coefficient of variation
n? = 2.74

will be used to estimate and describe uncertainties surrounding esti-

mates of constant failure rates for electronic devices,
For the diode, we have

E{A} = 0.0008625 failures/10° hr

since
2

n2 2 e% -1:=2.74
We have

2

" =1n 3.74 =1,3191

o= 1.149
but
2
E{A} e +1/2

9
lenE -1/2.‘:-70715




- ey

The uncertainty distribution for the diode thus is lognormal with

p==7,715, 0=1,149, This in turn yields

Lower bound, F . = P 1-645 4 00007 failures/10° hr

Median, M

]

e = 0,00045

eu+1. 645¢

Upper bound, F 95 = = 0, 00295,

Alternatively, but less comprehensively, the diode failure rate

+243% -6

could be said to be 0.0086 - 929 x10 .

For nonelectronic devices, the uncertainty estimates (coefficient
of variation) are adjusted to reflect information gained (e.g., by de-
tailed stress analysis) and additional uncertainties introduced (e.g.,
by extrapolation to different device types or use of large and arguable
environmental correction factors) during analysis, This is unneces-
sary for electronic devices because gains and losses in MIL-HDBK-217B

analyses are considered to be balanced.
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EXAMPLE 2

Capacitor, Tantalum, Solid

Device Characteristics

MIL~C-39003, level P

20v, 10 F

Application Characteristics:

T Ambient Temperature
S Applied voltage

SR Circuit series resistance

Calculation of Expected Failure Rate

Part Failure Rate Model:
A=A (Tpofanon failures/106 hr
p o ‘ETSR Q)
Kbo "E Q
2.6,5-3, respectively:

Ab = 0,010

25°C
10v

5 ohms

, and r._ are found from Tables 2.6, 5~4, 2.6.5-1, and




The relative circuit resistance is 5/10 ohms/volt. Interpolating

in Table 2, 6. 5-2 yields "SR = 0.5. Thus
A, =0.010:1:0.50.3 failures/10° hr.
= 0.0015 failures/10° hr.

Uncertainty Expression

Proceeding as in Example 1, we obtain:

£l - _#+1/2%% = 0,0015

since o is fixed for constant T)Z,
p=1In E\} - .6595 = -7,162

and the uncertainty distribution for the capacitor is lognormal

with p= -7,162, 0=1,149, This in turn yields

F 05 " 0. 00012 failures/lO6 hr.

M = 0,00078

F‘. 95 - 0.00513

In tolerance form, the capacitor failure rate courd be said to be

0.0015 tzggz: b4 10-6; for fixed n2, percentage tolerances referenced

to the expected value also are fixed in the lognormal distribution,
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EXAMPLE 3

Transformer, Power

Device Characteristics:

MIL~T-27 Grade 4, Class R, Family 1

Hermetically Sealed
28/240v, 20va

Weight 1,5 1bs,

Application Characteristics:

Ty

ambient (radiation sink) temperature

weighted average load

257C

16va




CALCULATION OF EXPECTED FAILURE RATE
Part Failure Rate Model:

_ . 6
\p © )‘b("E' nf) failures/1.0 hr

Ab is found from

Ab = AeX

where

G

+
) =(THS 273)
Np

Bl

- o
"gs - Hot spot temperature ("C.)

From Table 2, 7-1:

A=12.10"
N, = 352
G = 14

With the available data, it is necessary to enter Figure 2, 7-4
for weight 1.5 lhg, input 20 watts (16 VA output,unity power factor,

80 percent efficiency). This yields an average temperature rise

8y = 32%C,




- —

e,

e e

From paragraph 2.7.1,2

(Y

& + 1 =
THS TA 1.1 (AT) 60" C
then
6o+ 213 M
352 ’

- . 104 - -4
Ap = T2 0 100 . 046 = 3.3 x 10

From Tables 2, 7-3 and 2, 7-4, we obtain

go that

A = 3.3 x 10-4 . 8 ¢ 1 failurea/106 hours

6
= ,0026 failures/10 hours

Uncertainty Expression

Proceeding as before, we would obtain:

b= .g.612

F 05 " 0. 0002 failures/lo6 hr.

M = 0.0013

F. 95 - 0. 0089
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However, transformers are among the least standardized
electronic devices and are sensitive to the relatively frequent
assembly and processing variations and errors reflected in
Table 2, 7-3. In addition, the failure rate is rather sensitive to
the hot spot temperature, THS’ which was crudely approximated.
In view of this, an exception to the stated procedure for electronic

part uncertainties is in order.

Table 2. 7-3 indicates a 5:1 ratio between upper and lower
values of T taking these values to define a 95 percent interval

(lognormal) and setting 4 standard deviations equal to the natural

logarithm of 5 yields

A similar contribution by T_ . uncertainties leads to a new

HS

overall estimate for the aggregate standard deviation of the uncer-

tainty distribution:

1 2 2 2
+ +
o \/ o O GHS

vV1,3191 + 0.16 + 0.16 = 1,28

"
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The nature of these changes is such that Ap remains the best
esgtimate of E(A). The modified uncertainty distribution descriptors

thus become

vl o g1
: Fos = 0.0001 failures/ 106 hours
M = 0.0011

F.95 = 0.0094

Wear-Out Effects

The preceding estimates considered only constant=-failure-rate
effects, Transformers are subject to thermal aging of insulation and
hence to a well-defined ''wear-out' pattern. To determine whether
it is neceasary to take into account, it is desirable to start with con-

gervative estimates of the wear-out distribution.

At maximum rated hot-apot temperature, transformer wear-
out life can be described by a normal distribution with K05

10, 000 hours, £ 2,000 hours.
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For class R insulation, the maximum temperature is 105° C.

Previously, THS was estimated to be 60° C. Since we are scaling

down from 105° C, it is conservative to use 100 C rather than
7° C in the "rule of thumb" (or Arrhenius equation) for a factor of

2 in life expectancy. Thus, the 60° C life expectancy is
y

105-60

10

“60 = 92 . “105 x 225,000 hours

The coefficient of variation ({T) is unaffected by scaling, so

that
o s
80 45, 000 hours
The longest mission under consideration is 10 years = 87,600
hours = ¥ - 4 0

60 60 ° Pessimistically, the probability of failure
due to wear-out is ~ 0,000032, *

*From tables of integrals of the normal distribution; for such large
multiples of 0, it is desirable to use a detailed table such as the
National Bureau of Standards' AMS23. It should be emphasized,
however, that results from the extreme tails of a distribution are
always subject to question, It is rare that physical reality can be
represented credibly by theoretical models at the extremes.
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For comparison, the 87, 800-hour failure probabilities

(exponential) due to F , respectively, are

05’

Ap’ and F. 95

Q. 05 = 0. 000009

Fal
Q = 0.00023

R

Q 95 0. 0008

(In all cases, a 100 percent duty cycle has been assumed. )

In this example, the wear-out contribution is dominant compared
to the constant-failure-rate contribution at F 05’ small compared to

the best estimate of the latter, and negligible compared to the F 95

contribution.

The wear-out contribution becomes smaller (both absolutely

and relatively) under any of the following:

. A less conservative estimate of wear-out
. A reduced duty cycle
. A shorter mission

. Any earlier time in a 10-year mlsasion

In view of these considerations, and in light of the fact that

system-level uge of device failure rates concenirates on the expected
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and F values, wear-out effects should be disregarded here. How-

95
ever, wear-out life may be the limiting factor for other components

and should not be disregarded without analytical justification. As

noted earlier, physical demonstration of adequate life expectancy
sometimes will be necessary. Reliability prediction using MIL- HDBK-217B

data is not an adequate tool when there is reason to expect clustered

failures within desired mission durations.
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METHODOLOGY APPLICATIONS

EXAMPLE I MERCURY ION SYSTEM

1. Mission: Duration = 5

yrs = 43,800 hrs

Cumulative Operating Time = 22.876x106 sec =
6354 hrs
Numper of Cycles = 1826

2. Evaluation Point tm
top
N

(¥R
.

Component/Failure Mode
Component/Failure Mode

5 yrs (End of Mission) = 43800 hrs
6354 hrs
1826

Identity - Obtain From Fault Tree
Code Identity - Obtain From

Takle 9, Vol II

Component/Failure Mode Code
Bladder Leak/Rupture BB
Propellant Line Leak/Rupture FL
Propellant Fill Valve Leak/

Rupture FV1
Propellant Tank Half, Leak/

Rupture PR
Pressurant Fill Valve Leak/

Rupture FV1
Pressurant Tank Leak/Rupture PT
Tank Heater Failure HLTV
Line Heater Failure HLTV
FCC Switch Fails Active SA
PCC Switch Fails Passive SP
PCC Failure Mercury Ion MPC
Liquid Mercury to Cathode
-Use Vaporizor Leakage VL
Vaporizer Heater Failure VH
Vaporizer Clogged vC
Feed Line Leak/Rupture FL
Loss of Electrical Isolation II
Discharge Chamber Malfunction DC
Cathode Assembly out of Tolerance

Use Cathode, Hollow HC

Neutralizer Cathode out of Tolerance
Neutralizer Vaporizer
Neutralizer Isolator

A-16
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b
B
amie o

B i L U

P

Gimbal Thrust Vectoring ¥
Lower Support LS

Upper Support us
Linear Actuator LA
Motor and Gearing MG

Enter Program COMPl with the preceding codes and
appropriate cycles, mission times and operating times.
For this case as stated in 2. abonve

N = 1826 cycles
top = 6354 hrs
tm = 43800 hrs

COMP1 output is shown on the following pages. Note
each computation result is followed by request for
second data entry for the component. This feature
is exercised when multiple time points in system
life are being analyzed.
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16712714« 103607
FROGRAM . COMPY

SUTPUT FORMAT 18

R.0S ReS ALPHA BETA
COMPENENT CODE?(ZZ=END)
‘ ? BB
- PRESS. TIME=? (O=END)
’ 7 43800
+978532 +998945 67.9354 “+7013
PRESS: TIME=?
20
) COMPONENT CODE?(ZZ=END)
| ?rL
OPTINE=? (O=END)
| ? 6354
‘ «998730 +999520 24110.8949 2.2724
| OPTIMES?
| 70
. COMPENENT CODE ? (ZZsEND)
PRESS. TIMES? COSEND) .
? 43800 .
«98595¢2 « 999601 93.883¢ >0 7616

PRESS. Tings?
o

CONPONENT CODE?(2Z=END}

? PR

PRESS. TINE=? (OSEND)

? 43800

981127 «99C118 ?2.5240 =342}
PRESS. TInEs?

0

COMPONENT CODE?(Z2=END)
* PT : .
" SANE AS PR
PRESS. TINES? (OsEND)
7 43800
981127 «998118 92.5260 - 5621
PRESS. TINEs?
10

i‘ T FV)
*
l
l
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COMPONENT CODE?(2Z=END)
v

CYCLES =? ¢OsEN:)
)

A-19

? WLT
MISSION TIME=? C(OSEND)
T 43800
+ 9926825 *999089% 259.907] -0 4869
SPTINE=?
?0
COMPONENT CODE? (ZZ=END)
7 SA
NO. CYCLES =? (OsEND) \
? 200 '
99999 1 «00000 *407623.0801 -+35416
N9. CYCLES=? . .
70
COMPONENT CODET(Z2=END)
t S
. SAME AS SA
N8. CYCLES =? (OsEND)
? 200 .
«99999¢ 1 «00000 %407623.0801 ~e5416
N8. CYCLES=?
L)
COMPANENT CODE?(ZZ=END)
? WpC '
MISSION TINge? (O=END)
? 43800
940275 + 989938 35.4690 3431
SPTINEST?
70
COMPONENT CODE?(ZZaEND)
? VL '
INPUT OPTION
Is FIXED CYCLES/OP.NR., 2=SEPARATE
te i
CYCLES =? (0=END)
T 1826
WPTINEe? (OsLND)
? 6354 .
919492 991620 20.5070 «+5580




COMPONENT CODE?(ZZ=END)

? VH
OPTIME=? CO=END)
? 6354
+ 982803 2997462 119.93C. *«4098
OPTIME=?
?t0

COMPONENT CODE?(Z2ZEND)

‘ ? Ve ‘
" SPTIMNE=? (O=END) '
: ? 63%4
e 979966 +9983%6 82.2047 -sbit?
OPTIME=?
?0
. COMPONENT CODE?(ZZ=END)
| ? FL
i OPTIME=? CO=END)
? 6334
| *998730 * 999520 $4110.8949 2.2724
| PTINES?
| 0
‘ ¢
i . COMPONENT CODE?(ZZsEND)
, ? 11
PTINEs? (OsEND)
? 63%4 -
+888034 *99C866 13.1973 *.6809
OPTIME=? '
?0
COMPGNENI CWUE?(£Z=END)
? DC
? 6354
+94316% 9961 8K P6.36K1 -e6557
?PAIME=?

COMPONENT CODE?(22ZsEND)

? NC
OPTINE=? (OSEND)
? 63%4 '
630401 +8%4764 T.6686 1¢1666
PTINE=?
?70

+ 0PI TME=? (N=END)
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COMPONENT CODE?(¢ZZSEND)

7?7 NC

SPTINnE=? (O=END).

? 6354 .
+650401 «894764 7.6686 11666

OPTIMES?

?0

: COMPONENT CODE?(ZZ=END)
i ? NV
i CLOG & LEAK COMBINED
¢ TO SiPARATE, USE VC AND VL )

INPUT OPTION
te FIXED CYCLES/OPHR., 23SEPARATE
T2 )
CYCLES =7 (Ox~€END)
? 1826
SPTINE=? COsEND)
? 6354
+901128 0975434 29.8529 1.0432
: CYCLES *? (OSEND)
: 70
1S
?. COMPONENT CODET(ZZsEMD)
Eo T Nl
Lo SFPTINES? C(OEND)
L ? ‘35‘
+888034 990866 131973 -+ 6229
SPTINE=?
0
COMPONENT COLET(ZZsEND)
? LS
PTINE=? (OsEND)
? 63%4 _
_ +950257 099668 30.4268 ~+6538
H PTINEs?
H , o
COMPONENT CODE(ZIsEND)
? US
SPTIME=? (OsEND)
? 6334
«966885 «998133 44.5823 = +684)
OPTINEs?
T 0

A-21
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COMPONENT CODE?(ZZsEND)

7 LA
OPTINE=? (OSEND)
? 63354
+889097 - 98825 . 14.4370 ~e3372
OPTINE=?

| 70

’; ~ COMPONENT CODE?(ZZ=END)
? MG
SPTINE=? (O=END)

I ? 6354 \ )
«889097 +98825} 144370 -e$372
} SPTINES?
70

NO SUCH COMPONENT

i COMPONEINT COOE?(¢2Z=END)
? 22 ,
sBu $.601 UNTS.

RUN COMNPLETE.
BYE

3229333 LG OFF 10.55.01-

SBu 12.201
P
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Enter BETFTA with COMPl results and fault tree logic.

"In this éxample thé fault tréee will be traced from

the component/failure mode level up to the overall
systems level. While BETFTA has the capacity to com-
pute the entire fault trec¢ in one sequence of operations,
for the sake of clarity each major portion of the fault
tree was analyzed as an independent entity.

The first portion shown "Improper Propellant Flow
to ‘Vaporizers" will be used to identify the numerical
entries identifying fault tree evants and magnitudes
of the ¢ and g parameters of the beta distribution.
These values (a4, ) were taken directly from the out=
put of COMPl. They appear with their associated event;
ais given first with B following immediately below.
The numbers contained in parenthesis are the event
code for use in BETFTA. As described in the BETFTA
outline, the first number identifies the fault tree
level (counted from the bottom up) to which the event
belongs. The second entry identifies the location
(counting left to right) of the event in the level.
Therefore, the set (2,3) uniquely identifies "Pro-
pellant Fill Valve Leak or Rupture" as the third event
on the second level in the fault tree "improper pro-
pellant flow to vaporizers". Note that "Contamination
Clogging" was not given an identifying code. It was
assessed as heing negligible and can be disregarded
in the remainder of the analysis (the degenerate one-
on-one tree :hat results from the elimination of this
event can be accepted by the BETFTA program.

The level 1 and 2 events obtain their values from
COMP1 output; the level 4 event obtains its value
from BETFTA. Although not shown on the fault tree,
BETFTA also computes the a and 8 values of intermediate
level events, in this case level 3 events. These
appear immediately after the "Gate Type" response,
preceded by the appropriate event code, in the BETFTA
output following the fault tree. The remainder of the
Mercury Ion System Computation follows in the same
format.
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B e i L B e e RS
s T 3

AOGRAM  BETFTA
90000 DATA 259.9071,~+4869,259.9071 - .4869

90004 DATA 67.9354.-.70!3:‘!!008949.20272Aa930853p--7616092-526»*-5621

90006 DATA 92.8353,-:.7615,92+526s ~ 5621
90008 DATA S00000,<.5

99999 END

READY .

FOR EXPLANATION L1ST 80000
HOW MANY LEVELS?

? A
EVENTS? C(LOWEST FIRST) (SINGLE ASSUMED AT T#P)
78
8
T3
DESTINATION?
1 1?7
1 217
2 1?1
2 2171
3?1
2 4?71
2 Str¢e
2 6172
2 7123
3 1?7
3 2171
3 31?11
CONDITIONALS?(0,0=SKIP)
? 0,0
GAVE TYPES
e 71
3 171
3 211
3 3?1
4 171
2.7 [129:.575 ~.486901
3|1 [87.0179 8.935%4k-2
3|2 |92.4872 -.323599 inrermepate (Lever 3)  Resuurs
33 |129:.608 ~.486639 10esrio By( I,T) codE
(4 11 1938741 1.23518
T3] o )
SYSTEM CITERATION 1)) . _
ALPHA BETA (™ ECPsP) VP>

93.2741 12352 976840 954448 00023202
RUN COMPLETE.
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2,/
SWITCH FalLS

iN NON-ReQUIRED
A 0O

@

SAIT(H

FARLS

ACTIVE
r 3

THE RESULTS FROM TH¢
FOR THE PCC swichH

lo. r wie NoT BE
Néot 1613tLe IMPACT

IN THE SYSTEM

comdd  movks (SA anvo SP)

INDVWATE A RELIEBILITY AMUALHING

CONSIDERED  FyATHER DUE To
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S A SOTEIRPASS s kg o

- e e -

LoSS oF —1‘ 182.227¢6
PCC | -.B59
2

b
! {
L)_')Evggl&ﬂ-; 5

.1
STANOBY
PCc 32
UNAVAILABLE
35469 35, 469
"9343, ."o) *3,
35,469
~.343)
STANOGY ana'
Pzc
FAILS
I 469
- 3143/
READY.

90000 DATA 35-469o°o343]03504690"03431
RUN

16/12/14. 1514459,
PROGRAM  BETFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVELS?
LR ]

EVENTS? (LOWLST FIRST) (SINGLE ASSUNED AT Ter)
?e

DESTINATION?

I 1

! 21t
CONDITIONALS?(¢0,0=SKIP)
? 0,0

)
GATE TYPLS
2 117 a :

2 1 182.208 -.858999
SYSTEM CITERATION 1
ALPHA  BETA £(p) E(Pep; vr)y

*182.2276 -.8590 «99R3L 998467 +0000041 7
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et ————— o < ®

PROSRAN BETFTA

90090 DATA 119.9303, ¢ 4098,82.2047,~¢6417,82.20475 611
90002 DATA £0.507,-.558

99999 END

READY.  _  __.

PROGRAM  BETFTA
FOR EXPLANATION LIST 80000

_HOM MANY LEVELS?

3 :

EVENTS? CLOWEST FIRST) (SINGLE ASSUMER AT TOP)
T3

re

DESTINATION?

g o
foorR

?
?
?
?
?
!

3. . X}
;--

TIONALS?¢0,0s3KIP)

<
-y
M
- O
~g
- o 9
w

e
3
2 2 91.7731 324%43
3 1 30.4811 0105821

SYSTEN CITERATVION 1) '

ALPHA BETA A4 3 C(PeP) ver)
30.4811 « 1058 966066 934259 «00097606
END OF DATA AT S8

PASIC EXECUTION ERROR

SBU 0719 UNTS.

RUN CONPLETE.
L18T,90000

76718/14¢ 15:36:00¢
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90000 DATA 29.8589,1:043857¢6686,1:666:13:1973,-.6229
90002 DATA 13¢1973,-¢6229,30:4811,01058,1:4785,~ .7”5
90004 DATA 7.6086,101666

PROGRAN BETFTA

FOR EXPLARATION L1IST 80000
MOW MANY LEVELS? :

3 :

EVERTS? CLOWEST FIRST) (SINGLE ASSUMED AT TEP)
3 : '

s

DESTINATIBN?

gnu.nu--
oK X8R K 8 N Ko

TIONALS?C0,0=SK1P) .

Mo

-(._.O

Q":g ot e o O P N D DD
[

S 3034509 -.3%44
1 S5.28631 3436663

SYSTEM CITERATION 1)
ALPHA BLTA E¢P) ECPeP) V(P
Se8263 505667 <ABG6IS 254987 01811236

END OF DATA AT S8
BASIC EXECUTION ERROR

s 0678 UNTS.
RUN COMPLETE. -
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PN

i e}

2 T ey Ao+ W A ALy P ST SR RNV

W io KPVT YR

| e e TLOSTY ¢

- A

-— e an o W -‘-'

{ NO PROPERLY

10RIENTED ThRVSTER! 5.7 B3¢
L'Ay_ny,ag_\.g_ e LT1BY
3 -
1

2

S

-

i ] cz':

OPE RATIONAL STANOBY N
THRUSTER FAILED 4 THRUSTER FAILED tl;'

OR ‘MISORIENTED { 345 nented | 53457
' . 6.7
——ﬁ |
£ |
THRUSTER THRUSTER
FAILED MISORIENTED
30 32
512‘3
5.56067
FimBAL

ASSEMILY 2

‘ ?., \ F , - .J 3

44

W

1%,}

X

i W

EAILURE
N

14.4370
9T

ACTUVATOR
LINKAGE

FAILURE
4,937
-.557%

LOWER
SUPPORT
FAILVURE
1,3
Jo, 968
S, 6538
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EADY o

20000 DATA 100‘370‘055730|40437.'0557303.¢42‘.:'06533
20002 DT

90002 BATA ‘405'.30‘0‘3"050!2‘3:505‘.7

920004

RUN Ve e cwe-

PROGRAM BETFTA

FOR EXPLANATION LIST 80000

NOW MANY LEVELS?-

T4 .

EVENTS? C(LOWEST FIRST) (SINGLE ASSUMED AT TOP)
74

1

72

DESTINATION?

X K K K ]
o oo ) o w0 ws

FIRST
RUN

[ZX 7R, A B N 2 J
Ve 5 0N =

?
CONDITIBNALS?(0,0sSK1IP)
? 0,0

GATE TYPES

1?1
- S |
171

I 165227 +353833
2 16.5027 333833
1 S.34573 6.70005

b HLO

SYSTEN CITERATION 1)
ALPNA  BETA E(P) C(PeP) e

$.3457 6.7000 +451789 220575 +01646148
END OF DATA AT S8

BASIC EXECUTION ERROR

U 0.717 UNTS.

RUN COMPLETE.
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90000 DATA 50345706.7)3.3‘57:607
20002

90004
RUN

76/12/14. 15:.59.50.
PROGRAM BETFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVELS?
re

EVENTS? CLOWEST FIRST) (SINGLE ASSUMED AT ToP)
e

DESTINATION?

f 1

1 21?1y
CONDITIONALS?(0,08SKIP)

? 0,0
GATE TYPES
2 1174
2 1 S5.78357 2.1484
SYSTEN CITERATION 1)
ALPHA BETA EP) ECPesp) V(P)

Se7836 2.1484 683004 486299 .019805}9

END OF DATA AT Sg
BASIC EXECUTION ERROR

S8 0+68) UNTS.
RUN COMPLETE.
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At this point only series (or gate) relationships re-
main in the system. Therefore BETALl is used to obtain
Principal Subsystem Parameter values as well as the sys-~
tem level value of expected reliability and the associated 80%,
90% and 95% Lower Confidence Bounds. (LCB)

In order to illustrate the before-the-fact test plan-
ning capability of BETALl, arbitrary and significantly dif-
ferent test costs have been assigned as shown

1. Redundant Thruster Subsystem (No Properly Oriented
Thruster available)

a = 5,7836
B = 2.1434
Test Cost = §50,000 per test

2. Redundant PCC Subsystem (Loss of PCC Function)

a = 182.2226
g = -0.859
Test Cost = §1,000 per test
3. Propellant Containment/Delivery Subsystem (Improper
Propellant Flow to Vaporizer)
a= 93,2741
B = 1.,2352

Test Cost = $10,000 per test

The program will first display component values if re-
quested (1 = Yes, 0 = No), and then compute tne system level
expected reliability E(R) and variance V(R) values. A nu-
merical integration follows and the result "Closure" is
printed. Since analytic integration would yield a result
of 1.0, the closure statement can be used to assess the
quality of the numerical approximation and the accuracy of
the following results. The 80, 90, 95% lower conf.dznce
bounds are then provided.
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PR R e S

FILE NAME: BETAL1
KEADY .
RUN

77703727« 19234300
PrOGKAM BETAL1

RUN IN DUUBLE PRECISION

PERMIT NEGATIVE BETA?

71

TYPE OF INPUT?
1=PARAMETERS,2=MOMENTS (MEAN & VAR)
71

HOW MANY COMPUNENIS?

? 3

VALUES? (1HIKD VALUE IS COST oF FIkST TEST)
7?7 57836,2+1484,50000

?7 182+2276,-859,1000

? 93427415142352,10000

DISPLAY CUMPONENT VALUES?

71
NOde« ALPHA BETA EWP) EC(P*P) V(P) COST
| 5078 2415 +683004 «486300 01980510 S0000.0C

2 182423 <~+86 «999231 .998467 00000417 1000.00
3 93¢27 1424 «976B40 +954448 .00023202 10000.00

FOK SYSTEM

E(R) E(K®R) V(k)
2666573 + 463436 +01898387
CLOSURE

9996712

LOWER CONF. BOUNDS
B0 5480 90 +4780 95 . «4210
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The program then enters
using the greatest reduction
test doilar as the principal
ponents for testing. As out
ponent tested, the change in
are provided. In addition a
cost per component and total
are also presented. The sys
reliability and variance are
expected the expected reliab
variance V(R) has decreased.

the test planning routines

in uncertainty (variance) per
criteria in selecting com-
put the identity of the com-
variance (DELV), and test cost
running count of total test
number of tests per component
tem level values of expected
then recomputed. NOte that as
ility is the same, but the

Numerical integration quality

is again provided by "Closure" and is followed by the 80,
90, 95 lower confidence bands. These lower bands also re~
flect the decrease in variance in the increased values of

reliability at each bound level.

The expected value of

variance reduction E(DELVAR)

FIRST COMPONENT TESTED

is then provided.

N@ . DELV CosT TOT COST NOe. TESTS
1 +00000003 %*50000.00 50000.00 |

FOR SYSTEM

EC(R) ECkxK) V(R)

666673 ¢ 461855 «01740208

CLGSURE
+99963
LOWER CuNF. BOUNDS

BO 5530 90 +4870 95 .4320

E(DELVAR)>=.00133831
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The program next asks if a subsequenrt test is desired
(Continue, Yes = 1, No = 0). For this example, two further
test sequences were requested. At the end of the second
additional sequence, a summary display was requested. 1In
addition to the @, B, and expected reliability E(R) values
for each component, the total number of tests and total
test dollars per component are provided.

CONTINUE?

71

CHANGE NEXT C@ST?
70

NEW VALUES FOR LAST COMPONENT TESTED
N2+ ALPHA BETA E(P) E(P*P) vVP) COST
1 6447 2.47 683004 484640 01814527 50000.00

. NEXT CUMPUNENT TESTED

NO . DELV COST TOT CesT Noe TESTS
1 +00000003 *50000.00 100000.N0 2

FOR SYSTEM

E(R) E(R*K) V(R)

+666673 « 460517 «01606492

CLOSURE
2999693
LOWER CONF . BOUNDY
B0 5580 90 44940 95 +4420

E(DELVAK)=+00114635

CONTINUE?
721
CHANGE NEXT COST?
70
NEW VALUES FOR LAST COMPONENT TESTED
N@. ALPHA BETA E(P) ECP*P) ) COST
1 7¢1S 2+78B +683004 «483237 +01674214 50000.00




NEXT COMPONENT TESTED
NG, DELV COsST TOT COST

! +«00000002 *50000.00 150000.00

FOR SYSTEM

E(R) E(R*R) V(R)

2666673 +459372 +01491972

CLOSURE
999775
LOWEK CONF. BOUNDS
BO 45620 90 +50:0 95 4510

E(DELVAK)=.00099296

CONTINUE?

?70

DISPLAY STATUS FOR ALL COMPONENTS?
? 1

NOD .

Nd« ALPHA BETA E(P) TESTS CosT

7483 3.10 +683004 3 150000.00

1
2 182.23 =86 999231 0
3 93.27 1e24 976840 0

SRYU 64183 UNTS.

RUN COMPLETE.
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EXAMPLE II CATALYTIC MONOPROPELLANT SYSTEM

1.

Mission 5 years or 43,800 hrs
a. 0.1 1lbs Thrusters (Position Control)
1. Pulse
a. Cycles = 6348
b. CUM Firing Time = 1.75 hrs
2. Steady State
a. Cycles = 11
b. CUM Firing Time = 14.55 hrs
b. 5.0 1bs Thrusters (A V)
1. Pulse
a. Cycles = 3100
b. CUM Firing Time = 0.1 hr
2. Steady State
a. Cycles = 2
b. CUM Firing Time = 0.4 hr
Evaluation Point, t mission = 5 years; End of Mission
Procedure: Because of the more complex tree developed

for this system each tree section (still to be treated
as entities) will be evaluated completely (using BETFTA
and COMPl) before moving to the next secticn.
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PROGRAM COMP1

SUTPUT FORMAT 1S
R.0S R.S ALPHA BETA

COMPGNENT CODE?(ZZ=END)
? FTC
OPTIME=? (O=END)
? 1643
«999997 1.00000 2456219.2871 ~+6581
OPTIME=?
20

COMPONENT CODE?(ZZ=END)

? ILvC

INPUT OPTION .

IsFIXED CYCLES/MISSION HR., 2sSEPARATE
L

CYCLES=? (O=END)

? 3108
MISSION TIME =7 (OsSEND)
? 43800
+985436 999499 93.85%3 *+7431

CYCLES=? (O=END)
o0

COMPONENT CODE?(ZZ=END)
? HLTV
KESSION TIME=? CO=END)
T 43800
« 992685 «999085 £59.907} =+ 4869
:leﬂl:'?

CAAPONENT CODETCZZ=END)

? ILWCe .

INPUT OPTION

18F1X7N CYCLES/MISSION HR., 2sSEPARATE
LK -

CYCLES*? (0=END)

? 1000
MISSION TINME =? COSEND)
? 43800 -
+986108 9993518 98.6201 ~+742)

CYCLES=? (O=END)
0

COMPONENT CODET(ZZsEND)
? Z2

K@ SUCH COMPONENT

S8y 3.589 UNTS.

RN COMPLETE.

A-44




M IR b e

BASIC,8LD,BETFTA

READY . )

90000 DATA 93¢8553,-07431,93.8553,-.7431

;3002 DATA 259¢9071,-04869,98:62015~.7423
N

JILLEGAL COMMAND.

RUN

76712714« 19.22.06.
PROGRAM BETFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVELS? '

?73
EVENTS? C(LOWEST FIRST) C(SINGLE ASSUMED AT TOP)
? 2

?3
DESTINATION?

1 1721

1 271

2 1721

2 2171

2 317
CONDITIONALS?(¢0,0sSK1P)
? 0,0

GATE TYPES

2 1173

3 1171

2 1 46.611 -.743106
3 1 6648352 -.323087

SYSTEM (ITERATION 1)
ALPHA BITA EP) E(P*P) V(P)

66.8352 <~-.3231 990120 980478 .00014073
END OF DATA AT S8
BASIC EXECUTION EREIR
38U 0+699 UNTS.
RUN COMPLETE.
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90000 DATA 66.8352,~+3231
90002 DATA 66.8358,-.3231
RUN

16/12/714¢ 19:26¢16¢
PROGRAN BEIFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVILS?

T e
EVENTS? CLOWEST FIRST) (SINGLE ASSUNED AT TOP)
7R

DESTINATION?

I I

1 211 .
CONDITIONALS?2(0,0=SK1P)

? 0,0 .
GATE TYPES

2 1?73

£ 1 3R:9964 -.323119

SYSTEM CITERATION 1)

ALPHA BETA g¢er) £(PAP? vep)
32.9964 -.3231 980478 «961874 0003236385
END OF DATA AT S8

BASIC EXECUTION ERROR

By 0668 UNTS.

RUN COMPLETE.
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90000 DATA 74.9176,~ .66936.93-853.-.16!6:92-526:-.5621
90002 DATA 259090710’0‘369025’0’07‘0’0‘869 .
90004 DATA 7491765 ~066936

90006 DATA 93e8535-¢7616592+5265 5621

90008 DATA 25’-907!0'0‘86902590907‘0°o‘.‘9

99999 END

READY.

RUN

76718715« 1021260
PROGRAM  BETFTA

FOR EXPLANATIEN LIST 80000

HEW MANY LEVELS?

7 4

EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TP
710

? 4

2
DESTINATION?

o L R R NN R
-
b

o

L e X X7X X7 R A, Ralied
»
A

» PN -

LS?7¢0,0=3KIP)

- O »
.
O we
-d
-
k]
0“'"’“"0"’" ;-—-.
w

R L X

I 84939 *3.6INED
2 129:.57% =.486%01

3 84.939 “3.463N7E-I
4 129:575 ~+48690) -
| 92.8817 461640

2 9817 48164

1 45.8284 461688

- €3
S WLGDHOMOHO® sucnnnng -uonmnn-—-v'—-—v-—-—-—

SYSTEM CITERATION 1)
ALPHA BETA &™) LiPsP) vP)

$
45.8284 o467 «969731 «940%174 «00059551
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PREGRAM  COMP1

QUTPUT FORMAT 18
R«0S ReS ALPHA BETA

COMPONENT CODE?(ZZsEND)

? ILVe

INPLT IPTION

1*FIXED CYCLES/MISSION HR., 2=SEPARATE
L

CYCLES=? (OsEND)

T 3102
MISSION TIME =7 (O=END)
? 43800
*995122 +999833 282.9229 =e7431

CYCLES=? (OsEND)
o

COMPONENT CEDEL?(Z2Z=END)
? ILVvP
MISSION TIME=? (OSEND)
? 43800
973039 999133 49.3608 ~+7508
OPTINE=?
70

COMPONENT CODE?(ZZsEND)
? EVE® -

DESIGN CYCLE LIFE.OP. LIFE,NISSION DURAT]ION
? 3102,+5,43800 .

INPUT SPTION

ISFIXED CYCLES/8P <HR.,28SEPARATE
7
CYCLES=? (0OsEND)

? 3102
MISSION TIME,OP. TIME (0,0=ENDY
? 43800,.9
«977400 997116 84.4020 “e4782

CYCLES®? (OSEND)
70
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COMPONENT CODE?(ZZ=END)
? EVP

DESIGN CYCLE LIFE, oP. LIFE, MISSI®N DURATIGON
7 3102, +5,43800

INPUT SPTION

1sFIXED CYCLES/8P .HR.,23SEPARATE

L

CYCLES=? (O=END)

.7 3102
MISSION TIME,OP. TIME (0,0sENDY
? 43800,.5

+881509 +984209 14,6352 - 4787

CYCLES=? (O=END)
o

COMPONENT CODE?(ZZ=END)

? ILvVe

INPUT OPTION

12FIXED CYCLES/MISSION NR., 2= SEPARATE
?e

CYCLES=? (0=END)

? 1000
MISSION TIME =? (O=END)
? 43800
-995348 *999839 £297.2203 ~e 7423

CYCLES=? (O=END)
0

COMPONENT CODE?(Z2ZsEND)
? ILVvP
MISSION TIME=? ¢O=END)
T 43800
973039 999133 49. 3608 =e7508
OPTIMEs?
?0

COMPONENT CODE?(2Z=END)
;uz:ucu COMPONENT

sBU S¢717 UNTS.
RUN COMPLETE.
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PROGRAM BETFTA

90000 DATA £282.9229,-:7431,49:36,5+.7305
90002 DATA 297 :2203,-.7423,49.3608,-.7%50S
90004 DATA 84.402,-+4782,14.6352,~.4787
99999 END

READY.

RUN

76/12/14¢ 19586130
PROGRAM  BETFTA

FOR LXPLANATION L1ST 80000

HOW MANY LEVELS?

?3

EVENTS? C(LOWEST FIRST) (SINGLE ASSURMED AT TOP)
76

3

DESTINATION?

§

!
e
2
J
3
!
1
1
ONA

T LS?¢0,0n3KIP)

-cos

Mo
_'ou-un-ousu

N R L L L L

PES

- 0P 0P o=

£
i
1
}

56.788S% ~.661149
56.5515 ~.664897
169787 -.2870%2
23085.8 -.97032¢2

g-an
("S- N X, J DN wre SRN = o o ws ne

- 0y 0P ==

SYSTEM C(ITERATION 1)
ALPHA  BLTA EC(P) ECPeP) viP)

*23055.7676 <+.9703 999999 .999997 .00000000

END OF DATA AT S8
BASIC EXECUTION ERRSR
U 0.740 UNTS,.

RUN COMPLETE.
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90000 DATA 230558,-+970322,23055.8,~.970322
90002

90004

90006

L!8T,90000

76712714+ 20.02.03.
PROGRAM BETFTA

90000 DATA 23055.8,-+970322,23055.8,-.970322
99999 END

READY.

RUN

76712714 200219
PROGRAM BETFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVELS?

72
EVENTS? C(LOWEST FIRST) (SINGLE ASSUMED AT TOP)
?72
DESTINATION?

1 1?71

] 2711
CONDITIONALS?2(0,0=SK]IP)
? 0,0
GATE TYPES

2 1171

2 1 23055:6 ~+940644

SYSTEM CITERATISN 1)

ALPHA BETA EP) ECP=P) V(P)
$23055:6117 <=+9406 999997 +99999S .00000000
END OF DATA AT S8

BASIC EXECUTION ERRSR

SBU 0.681 UNTS-

RUN COWPLETE.
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PROGRAM COMNP)

QUTPUT FORMAT IS
R«0S ReS ALPHA

COMPONENT CODE?(ZZ=END)
? ILVL
MISSION TIME=? (O=END)
T 43800

«997725 999921
OPTINE=?
70

COMPONENT CODE?(ZZsEND)
? ILve
INPUT OPTION

BETA

609.7583 ~«T7418

1=FIXED CYCLES/MISSION HR., 2uSEPARATE

e

CYCLES=? (0=END)

? 1000

MISSIGN TIME =? (O=END)
? 43800

«995348 9998239
CYCLESs? (OsEND)
0

COMPONENT CODE?(ZZsEND)
? ILVP
NISSIN TIMEs? (O®END)
? 43800

973039 «999133
SPTINE=?
? 08

100000 1.00000

OPTIMNES?

70

COMPONENT CODE?(ZZSEND)
;ozgugu COMPONENT

SBu S5+504 UNTS.

RUN COMPLETE.

A~-55
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PROGRAM  BETFTA

90000 DATA 49.3608,+.7505
90002 DATA 27171.2203,~.7423
90004 DATA 609.7583,-.7418
99999 END

READY .«

RUN

T6/12/14¢ 20413497,
PROGRAM  BETFTA

FOR EXPLANATION L1IST 80000

HOW MANY LEVELS?

3

EVENTS? (LOWEST FIRST) C(SINGLE ASSUMED AT T#P)
LA

re
DESTINATION?

1 1 7¢

1 21782

g 11t

g 271
COND TIONALS?(0,0sSKIP)

2 5645518 -.664897
1 2263%.8 ~e9446:1 4

we Q&g
-

o ]

-3

g

‘

we

w

SYSTEM CITERATION 1°
ALPHA BETA &™) E(PsP) V(p)

$22639:8109 ~.9446 1999998 .999995 .00000000
END OF DATA AT 3s

BASIC EXECUTION ERROR

U 04684 UNTS.

RUN COMPLETE.
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90000 DATA 22639:8,:-:544614,22639:8,-.944614
/99999 END

READY.

RUN

767127140 20.15.01.
PROGRAM  BETFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVELS?

72
EVENTS? CLOVWEST FIRST) CSINGLE ASSUMED AT TOP)
e
DESTINATION?

1 1?2

i 21?7}
CONDITIONALS?¢0,08SKIP)

? 0,0
GATE TYPES

2 1?71

2 | 22640.3 -.889285

SYSTEM CITERATION 1)

ALPHA BETA EP) E(P*P) ver)
$22640.3107 -.8892 999993 .999990 .00000000

END OF DATA AT 5S¢
BASIC EXECUTION LRROR

ssu 04665 UNTS.
RUN COMPLETE.
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FROGRAM  COMP1

SUTPUT FORMAT 1S
R«0S ReS ALPHA BETA

COMPENENT COPL?(2Z=END)
? EVe

DESIGN CYCLE LIFE,®8P. LIFE,MISSION DURATION
? 6359,16.3,43800

INPUT SPTION

1sFIXED CYCLES/8P «NR+ , 2= 3EPARATE

T

CYCLES=? (O0sIMD)
? 6389
MISSION TIME,SP. TIME (0.,0=ENDY
? 43800,16.3 '
976215 *994878 81 6099 *e 4630
CYCLTS=? ¢O=END)
?0

COMPONENT CODE?(ZZ=END)

? EVP

DESIGN CYCLE LIFE, 2P. LIFE, MISSISN DURATION
? 6359,16+3,43800

INPUT OPTION

1sF1XED CYCLES/8P .HR.,23SEPARATE

? e ‘

CYCLES=? (0s=END)
? 6339 .
MISSION TIME,OP. TINE (0,0=ENDY
? 43800,16.3
+875973 + 982863 146178 ~ed64?
CYCLES=? (O=END)
?0

COMPONENT CODE?(ZZuEND)

T ILVe

INPUT OPTION

12F IXED CYCLES/MISSISN NR., 8sSEPARATE
L 4

CYCLES=2? ¢O=END)
? 1000
MISSION TIME =? (QsEND)
? 43800 ’
*993348 *999839 297.2203 ~+7423
CYCLES=? ¢OsEND)
)

COMPONENT CODE?(ZZaEND)
T ILVP
MISSION TIME=? (OsSEND)
? 43800
*973039 *999133 49.3608 ~«750%
SPTIME=? '
L)
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PROGRAM BETFTA

90000 DATA 81 ¢60995=¢465514¢1175504647
90002 DATA 297.2203,-:7423,49:3608,-+7505
90004 DATA 81609950 465,514:1175,°.4647
99999 END .
READY.

RUN

76712714 2027100
PROGRAM BETFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVELS?
*3
EVENTS? (LOWEST FIRST) C(SINGLE ASSUMED AT ToP)
T 6
T3
DESTINATION?
|

(=]
GOV N = o s o e

LS?(0,0=SKIP)

Q- W=D WN~-

-0 xE
Me D
-0 10 =
-3
~ W<
T
00 ue o e 9
n

16:3811 ~.267999
565515 ~+664897
1603811 -.267999
565639 ~.%46312

gd
OO wdve

-y O =

SYSTEM CITERATION 1)
ALPHA BETA EP) E(P*P) V(P)

565643929 <~.9465 .99C991 .999981 00000000
END OF DATA AT S8

BASIC EXECUTISON ERROR

BV O+744 UNTS.

RUN COMPLETE.
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PROGRAM  BETFTA

90000 DATA
90002 DATA
90004 DATA
90006 DATA
90008 DATA
90010 DATA
90012 DATA
90014 DATA
90016 DATA
90018 DATA
90020 DATA
90022 DATA
20024 DATA
20026 DATA
920928 DATA
90030 DATA
2003L1.1W
99999 LND
READY .
920032

RUN

T16/1R/14.

$5656:3929,~.946S.
565643929, ~.946%
$656+ 3929, ~+.9443
565603929, 9465
$6356.3929,~.9465
$656+3929,~.9465
SE56+3929,~+946S
$658+3929, - +9465
$656:39R9,-9468
$636:.3909,~.94¢3
$656:3929,-.946%
56553929, .9468
S836+3909,-.9443
$656.3929,-.946S
$656.3929,~.9469%
5656+ 3929,-.9465

¢

20+36:15.

PROGRAM  BETFTA

FOR EXPLANATION LIST 80000
HOW MANY LEVELS? '

78

EVENTS? (LOWEST FIRST) (SINGLE ASSUNED AT TOP)

? 16

DESTINATION?

R L L L L

;oadom»uro-—
ad o ) o) P o) P > WP Wmh S WS wd WP wE o

A-60




CONDITISNALS?7¢0,0=8KIP)
? 0,0

GATE TYPES

2 1?23

2 1 353.03 ~.9465

SYSTEM CITERATION 1)
ALPHA BETA EP) ECPeP) V(P>
3530303 =e9465 .9¢7 .~ 999698 00000043

PROGRAM  CoOMP1

OUTPUT FORMAT 1S
R«0S ReS ALPHA . BETA

COMPONENT CODE?(ZZ=END)
? IL VL

' SUBSCRIPT ERRSR AT’ 209
BASIC EXECUTION ERROR

‘ SBU 5.498 UNTS.
RUN COMPLETE .
RUN ' .

76/18/14¢ 20.42.40.
PROGRANM coMP)

SUTPUT FORMAT IS
R.05 ReS ALPHA BETA

-.COMPONENT CODE? (ZZ=END)
? ILVL
MISSION TIME=? (OSEND)
? 43800 ’
0997728 «999921 609.7583 =«74i8
PTINE?
70

COMPONENT CODE?(ZZSEND)
& ? 22
: NG SUCH COMPENENT -
' sBU $.394 UNTS.

RUN COMPLETE.
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PROGRAM  BETFIA

0000 PATA 28640+3,-.88929%
90002 DATA 23055.6,-:.940644
90004 DATA 353:03,~.9465
90006 DATA ‘0,07553)"07“8
99999 END

READY.

RUN

716/18/714¢ 20,47.22.
PREGRAN  DETFTA

FOR EXPLANATION LIST 80000
HOW NANY LEVELS?
re

EVENTS? (LOWEST FIRST) CSINGLE ASSUMED AT Tep)
74

DESTINATION?
1 12

1 217

I 317
i #4171
C.NDITI.NAL!?KOpO'SKIP)
1 0:0
GATE TYPES

g 111

2 1 518.36) -.69804)

SYSTEM (ITERATION ) ’
ALPHA  8ETa E(p) E(74P) T{

5183606 -.6980 *999419 998839 *30000112

END OF DATA AT s
BASIC EXECUTION ERRGR

SaU 0+.684 UNTS.
RUN COMPLETE.

A-62




#Ho8 b9 ~

— 1926-818
ﬂ V A )
HIN 00L MOTT h
20790 Puye 13 onL MmorY
ELRLY/ S P3L o
M) MYw
&0 LTer T rviow 859~
Z168°6bG 964931

Jdnadond

(437

I~ ¥t 902 o3
g fWwxnsv

stFa-QPw-ﬁ

L

\m&/
WS

Vvl samnry
Anvitadond

J3ingd

»9N oeL Moy
X/ Fwassy
23??.-».-%.7-&

|

A-63

"uﬂu.ﬂwﬁi!ﬂm &
9 927€ T | Husks morngin gl
Ll 8 Sy .r. INVINIM0Nd "




PROGRAM  CoONP!
QUTPUT FORMAT 1S

R-0S R.S ALPHA
COMPONENT CODE?(ZZ=END)
? FTL

MISSION TINES? (O=END)
T 43800

*992756 +99933)
SPTIME=?
o0

COKPONENT CODE?(ZZsEND)
T FL

SPTIME=? (O=END)

7?17 :

999997 999999
OPTINE=?
? 43800

991278 2996699
PTINE=?
70

COMPONENT CODE?(ZZ=END)
? 27
N® SUCH COMPONENT

S8y S.592 UNTS.

A-64
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216.64%96

*1836763.1884

5935.8472

'0‘5.0

R.2794

2.2727




PROGRAM  BETFTA

90000 DATA 216.6496,-.658
90002 DATA 518.361,-.698041
90004 DATA 595.8472,2.2727
90006 DATA 816064"0‘065‘
90008 DATA S518.361,-.698021
90030 DATA 595.8472,2.2727
99999 END

READY.

RUN

T6/12/714¢ 144,06,
PROGRANM BETFTA

FOR LXPLANATION LIST 80000
HON MANY LEVELS?
?3
EVENTS? CLOWEST FIRST) (SINGLE ASSUMED AT TOP)
76 |
e
DESTINATION?
1

@ O vt uo = o0 oo
me S
-.‘¢H~IO-'0lﬁl>0l0-‘
“‘O"'; Lk X KK R K KX ]
G = = 9 ;"'"””N"-’

Q

TIONALS?(U,0=SKIP)

- O
w

433.908 2.38651
433.908 2.32651
215.878 £2.32639

* 2 2. onng“
©

SYSTEM CITERATION 1)
ALPHA BETA E(P) C(P*P) V(P)

215:8779 R2.3266 984893 .970082 .00006726
END OF DATA AT 38
BASIC EXECUTION ERROR
S8y 0710 UNTS.
RUN CONPLLTE.
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PRSGRAM  CoNP1

SUTPUT FORWMAT 13
R.035 ReS ALPHA BETA

COMPONENT CODE?(ZZSEND)
7 PR
PRESS. TIME®? (OSEND)
? 43800
981127 .998118 92.5060 -.5621
PRESS. TIMEs?
? 0

COMPONENT CODE?(ZZ=END)
? FL
OPTIME=? (0OSEND)
? 4380006HJ
TO® MUCH DATA, RETYPE INPUT AT 2002
? 43800
«991278 * 996699 $9S5.8472 2.2727
OPTINME=?
0

COMPONENT CODE?(ZZ=END)
T FV1
PRESS. TIHEs? (O=END)
7 43800
+ 988952 *99%601 23.8520 ~e7616
PRESS. TIME=?
L)

COMPONENT CODE? (ZZ=END)
L 14

NG SUCH COMPONENT

SBU 5540 UNTS.

RUN COMPLETE.
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PROGRAM  BETFTA .

90000 DATA 92.526,~.5621
90002 DATA 595.8472,2.2727
90004 DATA 93.853,-.7616
90006 DATA 92.526,«.5621
90008 DATA 595.8472,2.2727
90010 DATA 93.853,-.7616
99999 END

READY.

RUN

T6/12/714¢. 21524014
PROGRAM  BETFTA

FOR EXPLANATI@N LIST 80000
HOW MANY LEVELS?

73

EVENTS? (LOWEST FIRST) ¢SINGLE ASSUMED AT TOP)
?6 ~

7?2
DESTINATION?

1 1721

1 21?71

1 3171

1 4?72

1 S7¢

1 6te

2 11?71

g 2171
CONDITIONALS?(0,0u3K1P)
? 0,0
GATE TYPES

2 1?2

g 2171

3 1?22

€ 1 146.623 .879254
8 2 1464623 .879254
3 1 72.59%9 .879307

SYSTEM C(ITERATION 1)
ALPHA  BETA E(P) E(Pap) vP)

T72.5959 *8793 +97S100 .951138 .00031748

END @F DATA AT S8
BASIC EXECUTION ERROR
SBu 0715 UNTS.

RUN COMPLETE.
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PRBGRAM BETFTA

90000 DATA 725959, 879307,215:.8779,2¢3266,45.8284,.4617

90002 DATA 32.9964,-.3231
99999 END

READY .

RUN

16712715« '1064017
PROGRAM BETFTA

FOR EXPLANATION LIST 80000

HOw MANY LEVELS?

? 3 '

EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TOP)
? 4

? 2

DESTINATION?

= o) W) W N
s s TN ) e

ONALS?7(0,0=SKIP)

96.3122 J3.01566
39.3327 1.08707
46 .939 3.01716

- ) =

SYSTEM (ITERATION 1)
ALPHA BETA E(P) ECP»P) V(P)

469390 3.0172 .922682 .852689 .00134716

‘END OF DATA AT 58
BASIC EXECUT1ION ERROR

SBU 0.709 UNTS.

RUN COMPLETE.
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PROGRAM  COMP}

SUTPUT FORMAT 1S '
R«0S ReS ALPHA BETA

COMPONENT CODE?7(ZZ=END)
? INP
DESIGN OP. LIFE=?
? 1643
BPTIME=? (O=END)
? 163
999960 «999983 *159499.4352
OPTIMEs=?
?20

COMPONENT CODE?(ZZ=END)
T IBF .
SAME AS ISL
MISSION TIme=i (O=END)
7 43800 :
999278 *999879 3139.0376
OPTIMNE=s?
70

CONPONENT CODE? (ZZ=END)
? HET
THRUSTER CYCLES & OP.TIMNE
INPUT OPTION
1sFIXED CYCLES/OP«HRe» 23SEPARATE
78
CYCLES=? (O=END)

? 6359
SPTINE=? COSEND)
? 163
976124 2994929 1112439
CYCLES=? (O=END)
0
COMPONENT CODE?(LZ=END)
? CBP

3.0381

-+3284

- 12595

DESIGN CYCLE LIFE,COLI' START LIFE,OP.LIFE?

7 6348,1E~6,1.79
CYCLES,COLD STARTS,0P. TIME, (T=0=END)
? 6348,1E-6,1.75

+9935008 999299 408 .0112
CYCLES,COLD STARTS,0P. TIME, (T=0sEND)
? 0,0.0
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COMPONENT CODE?(ZZsEND)
? CBS
DESIGN CVSLE LIFE,COLD START LIFE,OP« LIFE?
? 1151E-6514455 .
CYCLES,CWLD STARTS,OP. TIME, (Ts=O0sEND?
? 11 »1E-6,14.55
+986334 «997729 1622395 «+3392
CYCLES,COLD STARTS,9P. TIME, (T=0=END)
? 0.,0,0

PROGRAM BETFTA

90000 DATA 159499.4352,3.0381
90002 DATA 408.0112,-.4321
90004 DATA 162.3395,-432392
90006 DATA 3139.0376,~.3284
90008 DATA 111.2439,-.1255
99999 END

READY.

RUN

767127140 213344,
PROGRAM BETFTA

FOR EXPLANATION L1IST 80000
HOW MANY LEVELS?
T e
EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TeP)
7S
DESTINATION?
! 171
1

e
1 317
1 47
1 § 7
171

CONDITIONALS?(0,0=SKIP)

7 0,0

GATE TYPES

2 171

2 1 136.572 859358

SYSTEM CITERATION 1)

ALPHRA BETA EC(P) E(P%P) V(P)

136.5725 8594 986665 973601 00009369

RUN COMPLETE.
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PROGRAM  COMP1

QUTPUT FORMAT 1S v
R.0S ReS ALPHA BETA

COMPONENT CODE?(ZZ=END)
T IMP

DESIGN OP. LIFE=?

? 5

OPTIME=? (O=END)

? S

*999999 0999999 *5:99715.3910 3.0381

OPTIME=?
0

COMPONENT CODE?(ZZ>END)
? CBP y
DESICY TYCLE LIFELCOLD START LIFE,@P.LIFE?
? 3100,1E=6s01
CYCLES,COLD STARTS,@P« TIME, (Ts0=END)
? 3100s1E~6541
«99757S 4999660 8411969 -e4321
CYCLES,COLD STARTS,OP. TIME, (T20=END)
? 0,0,0

COMPONENT CODE?(ZZ=END)
? CBS .
DESIGN CYCLE LIFE,COLD START LIFE,0P. LIFE?
? 251E~6,s44 .
CYCLES,COLD STARTS:0P. TIME, (T=0s=END)
? 251E-65 44
999564 +999928 5148.3378 = ¢3394
CYCLES,COLD STARTS,0P. TIME, (T=0s=END)
? 0,0,0

COMPBNENT CODE?(ZZsEND)
T 1BF
SAME AS ISL
MISSION TIME=? (O=END)
? 43800
*999278 999879 3139.0376 -+ 3284
OPTIME=?
?0
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COMPONENT CODE?(ZZI=END)
? HET
THRUSTER CYCLES & @OP.TIME
INPUT GPTION .
1=sFIXED CYCLES/@P.HR., 2=SEPARATE

? 2
CYCLES=? (O=END)
? 3102
OPTIME=? (0=END)
? oS
*976573 994965 114.7671 =s1112
CYCLES=? (O=END?
70

90000 DATA 5199715.39,3.038}

90002 DATA 841¢1969,~+4327,5148.03764+.3394
90004 DATA 3139.0376,-:3284,114:76715~-01112
99999 END

READY .

RN

ILLEGAL COMMAND.

RUN

T6/712/35¢'11¢34+25,
PROGRAM B!TFTA

FOR EXPLANATION LIST 80000
HBW MANY LEVELS?
72 '
EVENTS? (LOWEST FIRST) (SINGLE ASSUHED AT ToP)
S
DESTINATI®ON?
i 1?71
1
!
!
1.
CONDITIONALS?(0,0=SKIP)
? 0.0
GATE TYPES
2 171

N W

7?1
71
71
71
I

2 1 130359 .160562
SYSTEM (ITERATION 1)
ALPHA BETA E(P?} E(PxP) vep?:

130.3587 21606 991242 .982626 .00006502
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PROGRAM  COMPY
OUTPUT FORMAT 1S

R«0S ReS ALPHA BETA
COMPONENT CODE?(ZZeEND)
? ISL
MISSION TINEs? (O=END)
T 43800
999278 999879  3139.0376 -+3284
PTINEs?
10
COMPONENT CODE?(ZZ=END)
7 LS

MISSION TIME, SPTINE=? (0,0=END)
? 43800,16.3

« 998942 +998978 J48351K¢6
MISSION TIME. OPTIMEs=? (0,OSEND)
? 0,0
COMPONENT CODET(ZZeEND)
? ILVe )
INPUT SPTION

1aFIXED CYCLES/MISSION HR.» 2=SEPARATE
78
CYCLES=? (OsEND)

7 1000
MISSION TIME =7 (O=END)
T 43800
+995348 «999809 297.2803 -+7423
CYCLES=? (O=END)
o
COMPONENT CODE?(2Z=END)
? Ve

DESIGN CYCLE LIFE,8P. LIFE,MI3SION DURATION
? 63359,16.3,43800
INPUT OPTION

;-;1x:n CYCLES/8F +HR « 2= SEPARATE

CYCLES=? (O=END)

? 63%9

MISSION TIME.OP. TINE (0,0sLND9
? 43800,16.3

976318 +996878 81.6099 ~+4650
CYCLESs? (OsEND)
*0
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COMPONENT CODE?(IZ=END)
? EVP

DESIGN CYCLE LIFE» OP. LIFE, MISSION DURATION

? 6359
NOT ENSUGH DATA, TYPE IN MORE AT
? 16+3,43800 :
INPUT OPTION
1sFIXED CYCLES/@P «HR .23 SEPARATE
L
CYCLES=? (O=END)
T 6359
MISSION TIME,OP. TIME (Q,O=ENDY
? 43800
NOT ENOUGH DATA, TYPE IN MORE AT
? 163

«875973 « 982863 14.117S
CYCLES=? ((Q=END)
o
COMPONENT CEDET(ZZs=END)
* ILVP
MISSION TIME=? (O=END)
? 43800
«9730239 «999133 49.3608
OPTIMEs?
*0

COMPONENT CODE?(ZZ=END)
L 14

NA SUCH COMPONENT

s S5¢594 UNTS.

RUN COMPLETE.
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PROGRAM  BETFTA

90000 DATA 297.2203,++7423,49.3608,-+.7505
90002 DATA 81¢6099,-0465514:1175,~.4647
90004 DATA 297.22035-¢7423549+3608,-.7505
90006 DATA 3483510,3576,3483510,3576
99999 END

READY.

RUN

76712714 21:12.42¢
PROGRANM BETFTA

FOR EXPLANATION LIST 80000

HOW MANY LEVELS?

? 4

gVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TOP)
6

?S

3

DESTINATION?
! ?

V= NH WO~

?
?
?
?
?
?
?
?
?
?
?
?
?
1

gﬂ—"OQGNfODDOON&

T L8?7¢0.,0=3KI1P)

-log
™Me
WD LIWONO OO~V IL

-d
B R R 4
R

- 0000 = = e M
(7]

gdﬂ
bWWwMO OO DWWWOONOMKIN = = s

™
g
]
-

DATA AT S8
BASIC EXECUTION ERROR

sBvu 0.729 UNTS.
RUN COMPLETE.
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90000 DATA 297 022030‘014230‘9036080’07505
90002 DATA 81:6099,-465,14.1175,~.4647
90004 DATA 297.2203,-¢7423,49.3608,-.7505
90006 DATA 3483510,3576,3483510,3576
99999 END .

READY.

90008 DATA 3139.0376,~.3284

RUN

76712714« 2117.00.
PROGRAM  BETFTA

FOR EXPLANATISON LIST 80000

HOW MANY LEVELS?

? 4

EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TOP)
16

(-

3

DESTINATION?

e

DWW ™= e e o
O=NIPO~CBADWUND™

?
?
?
?
?
?
?
?
?
?
?
?
?
L

o= PO LLILOWLY

CSNDITIR
? 0.0
GATE T

ALS?7¢0,0=SKIP)
P

»

R L X

(20 LN®

$6+5515 ~+664897
163811 =-.267999
863515 -.664897
57713.8 -.657275
54038S. -.870318
3224.87 -.290107

SBWWHON bLUWONOD
WML ND

SYSTEM C(ITERATION 1)
ALPHA  BETA EC(P) E(P*P) VeP)

3224.8715 <+.2901 999780 .999560 .00000007
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PROGRAM  CONP)

SUTPUT FORMAT 1S
R«0S ReS ALPHA BETA

C@MPONENT CODE?(ZZ=END)
? HLTV
MISSION TIME=? (Q=END)
7. 43800
2992625 «999085
opo26E 259.907)
70

~+4869

COMPENENT CODE? (ZZ=END)
7 TCM
DESIGN CYCLE LIFE,@P.LIFE?
? 6359,16,KL
TO® MUCH DATA, RETYPE INPUT AT 1141
7 635951643
INPUT OPTION
1sFIXED CYCLES/@P.HR., 2sSEPARATE
re
CYCLES =? (OsEND)
7 6359
MISSION TIME,8P. TIME '0,0END)
7 43800,16.3
997826 «999171  2435.3889 2.3208
CYCLES =1 COSEND)
10

COMPONENT CRDE?(ZZs=END)
T InF
DESIGN CYCLE LIFE, OP.LIFE?
? 63595163
INPUT OPTION
1sFIXED CYCLES/OP.HR+, £sSEPARATE
LI
CYCLES=? (O=END)
? 6359
SPTINE=T COSEND)
? 163
*998539 0999745 1590 .3687 - «3028
CYCLES=? (OsEND)
?0
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90000 DATA 26.42661+¢4674,26+42665~¢46745259¢907)»~4+486%

90002 DATA 3224.8715,-.2901,2435.3889,2.3208
90004 DATA 1590¢8687,-43022,1364572,.8594
99999 END

READY.

RUN

76/712/15¢° 1101414,
PROGRAM BETFTA

FOR EXPLANATION LIST 80000

Hew MANY L_EVELS?

73 )

EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TOP)
?73

75

DESTINATION?

1

NNV — = =
NP WN =)~
VN W W ) W W

1
CeNDITIONALS?¢0,0=SKIP)
? 0.0
GATE TYPES

2 11?71

3 1?71

2 1 27.4107 .172191

3 1 35.627 110484

SYSTEM C(ITERATION 1)

ALPHA BETA E(P) ECP%P) V(P)
3506270 11048 945656 895559 .00129344
END OF DATA AT 58

BASIC EXECUTION ERROR

SBU 0752 UNTS.

RUN COMPLETE.
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90000 DATA 3.62751¢1048535.6270,1.1048
90002 DATA 35:62705110485350627051 1048
90004 DATA 35.6270511048,35.627051+1048
90006 DATA 35.627051+1048,35.627051+1048
99999 END

READY .

RUN

76712/715¢°11070190
PROGRAM BETFTA

FOR EX®LANATION L1ST 80000

HOwW MANY LEVELS?

?2 3 .

EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TOP)
78

22 .

DESTINATI@N?

1 ?

NN ot s or s vr oo ood bae
=IO WN
e w) W ) ) T ) N WY

CONDIT
? 0,0
GATE TYPES
1 723
2173
1 7 4

ONALS?7(0,0=SKIP)

779209 111015
779209 1411015
116016 =~.3287

W W N

- f\) s

SYSTEM (ITERATION 1)
ALPHA BETA EP) E(P*P) V(P)

1106016 ~¢3287 +4949423 904769 00336431

A-86




hd Y hd \d

|
iy w3y Je Itf yay Jo Sl# YN o TE§ YIY oo
NMOLLINNI I NeILINNI Y NO 1LY NOATYW NOIDNOSITW
ﬂﬂqV |/.~«V ﬂwﬁV ﬂ«mV
fp VIY 2o olg t13Y o . hlit vy o0 L% VIY IO
NOLLINPS W NoLLIMOSTIW NOILINAS TN NOJOINO TN
L | ~
©
1
<
sw3Y . ' Tvou
MyA Avonyd NOIAYTISNVIL
&0 $507M Avwvwidd 30 $S0°1
L B ;
]
!
' e Ao o
1 No1IONA t
28— ' Nosgursenwy b
AQ oL IdUMIT) <8 M. | 1 i
L 9/99 /1 180 AMvA 0 SS0T,




2avd
NOIS Oy 3 M3yo NOISONT
BVOAD ACN/Y AINOIVYD NN

985 -~ S S8t =

39YY oayg 29%w7 o]
MIYY 2DUSSYd wv38v
YOIOACNS WLOL IOvINO Wil

o
RNIOVYS o.o
909/° Fvm &Y <
L8.5E 21 . D30WHD
MO ﬁmsww XTI A%Nw Han OOy Mmoo ooa
00U 0oL ) raoa () Moz (!
LSouHl LSNIny. . £b1 "EEME W 340%4d ANwI1340ed
3 240 py
wail 2Sn

Ieho " =
2628°bt ) A




- sevs

PROGRAM  COMP1

OUTPUT FORMAT IS ’
R.05 R=S ALPHA BETA

COMPONENT CODE?(ZZ=END)
?7 HLTV
MISSION TIME=? (O=END)
? 43800
«992625 «999085 259.907)
OPTIME=?
70

COMPONENT CODE?(ZZ=END)

7 TCHM

DESIGN CYCLE LIFE,OP.LIFE?

? 3102,.5

INPUT OPTIGN

I1sFIXED CYCLES/QP.HR., 2=SEPARATE
re

CYCLES =? (0=END)

? 3102

MISSION TIME,OP. TIME (0,0=END)
? 438004.5

«998161 9992117 3433.1930
CYCLES =7 (0=END)
70

COMPONENT CODE?(ZZ=END)

T IMF

DESIGN CYCLE LIFE, OP.LIFE?

? 3102,.5

INPUT OPTION :
1sFIXED CYCLES/@0P.HR., 2=SEPARATE

2
CYCLES=? (OsSEND)
? 3102
OPTIME=? (U=END)
? <5
«999305 +999884 3259.5070
CYCLES=? (O=END)
0

A-89
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90000 DATA 14.64349,-+47855,259+9071 04869

90002 DATA 3433.193,2+9884,32594507,~+3301,130.3587,.1606
99999 END

READY «

RUN ©+ -

“16/12/15+° 12.37.25
PROGRAM BETFTA

FOR EXPLANATION LIST 80000

HOWw MANY LEVELS?

?3 ) )
EVENTS? (LOWEST FIRST) (SINGLE ASSUMED AT TOP)
?2

?7 4

DESTINATION?

1 71

PO = -
) v
o W W W
N e

4 7 1
CONDITIONALS?2¢0,0SKIP)
? 0,0
GATE TYPES

2 11?1

3 111

€ 1 155557 -.414498

3 1t 19.8296 ~4.30613E-2

SYSTEM (ITERATION 1)
ALPHA  BETA EP) E(P*P) V(P)

198296 ~+0431 956077 4915925 00184293

"END OF DATA AT 58
BASIC EXECUTION ERROR
SBU 0+701 UNTS.

RUN COMPLETE.
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90000 DATA 19.8296,-+04306,19.8296,-.04306
RUN

76712715« 1430049,
PROGRAM BETFTA

FBR EXPLANATION LIST 80000
HOW MANY LEVELS?

?7 2 :
EVENTS? (L@OWEST FIRST) (SINGLE ASSUMED AT TOP)
72
DESTINATION?

1 1?1

1 2171
CONDITIONALS?2(0,0=SKIP)

? 0,0

GATE TYPES

2 1722

2 1 9.47466 ~4.30988E-2

SYSTEM (1TERATION 1)
ALPHA BETA E(P) E(P%xP) vpP)

0e4247 =.0431 +915925 +845139 .00621942
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PROGRAM BETAL}

RUN IN DBUBLE PRECISION
PERMIT NEGATIVE BETA?

(3 ]

TYPE OF INPUT?

1=PARAMETERS , 2=MyisENT S (MEAN & VAR)

? 1
HOW MANY COMPONENTS?
? 4

VALUES? (TMIRD VALUE 1S COST @F FIRST TEST)

? 11+6016,-+3287,10

? 9.4247,-.0431,10

? 11.6016,-.3287,10

? 49+939,3.0172,10
DISPLAY COMP@NENT VALUES?
?1

NS+ ALPHA BETA E¢P)
11660 =.33 4949423
9042 °004 09[5926

!

2

3 11460 =.33 .949423
4 49+94 3.02 .926902

FOR SYSTEM

ECR) ECR*R) V(R)

E(P%P) VpP)

+904769 .00336433
+845139 .00621937
+904769 00336433
*860358 .0012)086

+765268 +595227 +00959154

CLOSURE
+999564
LOWER CONF. BOUNDS
80 +6840 90 .6320 95

+5870
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EXAMPLE III M-out-of~N Redundance

In addition to standby redundancy (exemplified by the
dual PCC's and Thrusters of the Mercury ion system of Ex-
ample I) a system can employ m-out-of-n redundancy where
n units are all in operation but only m are required for
successful mission completion. There are two types of m-
out-ot-n dedundancy, identical and independent. The iden-
tical case is that in which all (n) components not only
have identical failure rate expectations and variances,
but are of the same type (e.g. compositor resistor of the
same rating and resistance value and hence likely to come
from the same manufacturing lot). The independent case in-
cludes (1) similar components with identical failure rate
expectation and variances, coming from different manufactur-
ing lots and (2) dissimilar components, regardless of their
failure rate and variance values, meeting the m-out-of-n
criterion.

A. Identical M-out-of-N Redundancy

The colloid thruster system presents a good
example of identical m-out-of-n redundancy. Twelve
identical thrust modules make up the thrust unit of
the system. However the system can successfully com-
plete a mission with less than all twelve modules
operating. First the lower bound and median reliabil-
ity, and a and 8§ values for the Colloid Thruster
Module (CTM) component are determined using COMPl.

The reliability at the 8000 operating hour will be
computed.

PROGRAM ComP)

QUTPUT FARMAL 15
k«05 Ke5 ALPHA BETA

COMPONENT CODE?(ZZ=END)
?2 CT™
@PTIME=? (0=END)
? 8000
+ 952067 998162 28,0522 -+1334

OPTIME=?
20

Program BETSB3 has been developed fo:r the Identi-

cal M-out-of-N case and is next used. For the purpose
of this example ten modules of the total twelve will
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be assumed to be required. Further the component
input data will use the parameter option, that is,
thea and B output of COMPl will be used. (BETSB3
can also accept input information in the form of the
mean value of reliability and the variance). BETSB3
output provides «, B, E {R}, E {Rz}and V{R}for

the subsystem of the twelve modules.

PROGRAM BE15B3

M-0F=-N IDENTICAL

RUN IN DWUBLE PRECISION

TYPE QF INPUT(1=PARAM,2=MEAN&VAR}
71

HBwW MANY COAMPONENTS?

? 12

HOW MANY KREQ'D?

? 10

VALUES

? 28405225~47334

SUBSYSTEMm
ALPHA BETA ECik) E<(R%R) V(R)

Bed306 =49700 499679445 +99390757 +00030841

IF NEGATIVE SUBSYSTEM BEIA NOT ALLOWED
SUBSYSTEM
ALPHA BETA E(K) E(R%R) V(R)

309.+9585 «0000 +99679445 +99360938 «00001021

Note the first value of BETA in the output is
negative. This implies a lognormal uncertainty dis-
tribution that has degenerated tuv a J shape. 1If for
some application the degenerated lognormal is not per-
missable, the program in this situation sets pg equal
to zero (the lowest possible value for g without curve
shape degeneration) and recomputes the other parameters.
The principal differences are in the value of @ and
the variance V{R}. The latter parameter will always
be understated if the constraint of g20 (non de-
generate log normal uncertainty distribution) is ap-
plied. The degree of understatement will vary from
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case to case.

B. Independent M-out~of-N Redundancy

Program BETSB2 was developed to address the
independent M-out-of-N case. It was developed to
present the complete M~out-of-N situation, even_though the
systems included in this study do not employ such a
configuration. For the purpose of presenting a com-
parative example the colloid thruster module (CTM) used
in example IITA will be used here AS IF the independ.
m-out-of-n criteria had been met.

PROGRAM BETSB2

M=OF ~N» INDEPENDENT

RUN IN DOUBLE PRECISION

TYPE OF INPUT(1=PARAM,2=MEAN&VAR)
71

HBw MANY CUMPONENTS?

? 12

HOw MANY REQ'D?

? 10

SAME PAKAMS? (1=YES,0=N@)

? ]

VALUES?

? 28.0522,-47334

SUBSYSTEM

Al.PHA BETA E(K) E(R*R) Vk)

*]1498.6459 e T661 499984445 .999689031 00000010
1498.605

IF NEGATIVE SUBS“‘ TEM BETA NOT ALLOWED

SUBSYSTEM

ALPHA BETA ECR) EC(R*R) V(R)

¥6426 8587 «0000 99984445 999688951 00000002
6426 .86

Again a negative value for BETA resulted, and as
in BETSB3, the g 20 alternative was computed and
presented.

A-96




APPENDIX B

AGGREGATES OF BETA - DISTRIBUTED VARIATES




APPENDIX B

AGGREGATES OF EETA - DISTRIBUTED ARIATES

Consider a set of N stochastically independent events
whose probabilities of occurrence (nonoccurrence) are rep-
resented by P; (1-F; =93), 1 =1, 2, .....N. Suppose
that the Pj; (93) are themselves Beta - distributed random
variables, so that the probabillty den51ty function for P;
may be written

r(ai+ Bi+2) @

£(Py) = : P, i( )ﬂi
rlej+nyrea+ny) 0 PP/

Oli>-l
Bi>"'l

(1)

where the %, B may, but need not, be alike for some or all

i. It is well known that
Rt
E jef . S (2)
1 71
e o2 (@;+1) (a;+2) (3)

(ai+ ﬁi+2) (ai+ ﬁi+3)

where E, f denotes the expected value of the variable in
braces.

We shall be interested in the probabilities of occurrence
of higher-level events bearing known relationships to the
event sets under consideration. Specifically, we shall con-
sider three relationships of special interest in reliability.
Letting P, represent the probability of occurrence of
"Success" of the i tp component and R the probability of
occurrence of a higher-level event (the "success" of aa
aggregate of components corresponding to the N events), we
have

1 i (4)

corresponding to a "series" (N - of - N) systen,




.

R=1-11 9, (5)

corresponding to a “redundané"'(l - of - N) system, and

N
= N X o N-X -
R-Zbd(X)Pi gi 'Pi- P2=....=Pi=....=PN (6)
X=

corresponding to an "M - of - N redundant” system (of N
like components).

In each case, we shall desire a distributional descrip-
tion of R in addition to E iR and the variance V {R}

The relationship between the P, and R involves further
independence considerations. If thd P, are distributed
differently or identically and indepen&ently ‘i.i.d.) the
series case 1s

i

N
\_ _TI R @, +1
E{R! 1=1‘ E{Pl} i=1 “i+ﬁt+2 (7)
N N-
E{Rz}' i[;ll E{Piz}' il:-ll SR W (8)

(@ + Bi+2) (@ + Bi+3)

and, as in all cases, the[variance is
2

v{R}-E{RZ}— [E{R}] | (9)

It is known that Beta-distributed P, do not lead
to a Beta-distributed R, and exact description and evalue -
tion of the distribution of R are cumbhersome at best. For
integera, and B,, exact evaluation is possible through a
Mellin iﬁtegral transfcrm described by Springer and
Thompson . The results for a number of cases have been
compared to those obtained by fitting a Beta-distributed
to E {R}, V {R} and performing numerical integration; the
cumulants generally agree to three decimal places or better.
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We regard the fitting of a Beta distribution as satisfactory
and appropriate. The fitting process is straightforward;
writing

£(R) = I'(A+B+2). RA (1-R)B
T(A+ B+

we have

B= 1 - E}R (10)
E{R
1-E{ R ’
For the redundant (1 - of - N) case with the P
independent 8 41
N B.+
i
E{R} =1 -n[l—E{Pi}] =1 “ﬁ E%9i}= nm (12)
i=1 i=1 =1 171
E{R2}= 1-2|1-ERi+E{(2 2}- [N]EM Lo+ ﬁ E 92}
[ { } ‘ R) 2= 1-2 E{9i} ‘ 71 { i
i=1 i=1
N B +1 N (B;+1) (B, +2)
= i
= 1-2 H (+B; 12 n-
1= ]@i+ﬁi+2)(ai+ﬁi*3) (13)

Since the distributiions of R and (1 - R) are per-
fectly symmetrical, with E{R} = 1 - 2{1 - R} and V{R} =
vV {1.- R} , the validity of the approximation for the

.series case is not impaired in the redundant case.

’

* Under some conditions, this procedure leads to B<D
(ur A<O), implying that the behavior of f (R) near R = 1
(R = 0) is inconsistent with the component p.d.f.'s

if all B, >0 (a11a§>0). If this is unacceptable, set

B -VO (A 0); thi8 also results in an arbitrary reduction
in R .




Of interest also are the relationships involving inde-
pendence of occurrence, but not of prior probabilities of
occurrence. By this is meant that for any two events, say
the success events J and K among the N events,

but

where PK and P, remain Beta-distributed random variables
v(i.e.,0, , @,,”B, = B, ). A physical example of such a
situatign would §risejif a subsystem involved two pyro-
technic devices drawn from the same production lot, the
reliability of devices from that lot being unknown but
constituting a random sample from a Beta distribution
describing the lot-to-lot variation in reliability. The
corresponding models are not restricted to two such devices,
for the series case,

N .
2 {R} - e piV = ot i (12)
” a+ B +i+]
i=1
2N
B {R2} - {piZN} S e - 1)
Q@+ B+itl
i=1
where a=a; =@, = ....= &y =Bl=l32-—-....= 5N.

Similarly, for the redundant (l-of N)case

N

E {R}= 1 - E{91N} L= ] B

i=1 Q4+ B +i+l

E {R“ = 1-2[1-E {R} ] +E {(1-—R)2} = 1-2E {91N} + E {92’\’} 05)
k g +1

r‘l

1-2 =
n a4+ B+i+l
i=]

(14) .

-,
1




Among the interesting consequences is that the series-
case E{R} is greater for identical than for i.i.d. components,
while the converse is true in the redundant case.

It should be noted that combinations of identical with
different or i.i.d. components can be handled by applying
the procedure in two stages.

The M-of-N redundant case with different or i.i.d.
components is more complex due to nonzero covariance terms
associated with the various "success" outcomes, even though
the components as such are independent. To illustrate this,
consider a three-component aggregate with 2-o0f-3 redundancy.
Let the component non-failure events be denoted by J,K,L with

P(J) = P,, P(KR) = Pk' P(L) = Pl and the system success
event S with P(S) ="R. Then '

.

S=(JaKaL) v (JaKaL) v (JaKaL) v(JaKnL)

R‘—'Pj.Pk.Pl+9ijPl+Pj9kPl+Pij91

Since J,K and L are independent,

E{Rj= E{p,}. B{P}. E{P)}+ E39j}.E{Pk .&{p, |

+£{p}. Blo b, Efe b+ B{p}. E{p . B9

but

ViR = vii-rb v{e.pp, + ospyp !

1 j"k71
+ V{Pj9kPl}+V{Pij91 3}

rather,

V{R}= v{1-R}= V{PijPl}+ v{9jpkpl}

+ v{pj9kpl}+ V{PijSI}

+ 2 COV{ PijPl, 9ijPl}




.

+2
+2
+2
+2

+2

Additional notation
Denoting by Y the number
M-of~-N reduncancy,

.22 (1)

X=M

cov )P,P, P

5PxP17
5PxFP17

cov J9

cov ;p.p
oy

cov isjpkpl,

cov %Pj9kP1,

is useful in generalizing this.
of distinct success states in

Pj9kPl$
pjpksli
P.9, P
+9xF1
. $ (16)
Pjpkglf
Pij91§
(17)

Let s, t be the indices of any two of the Y distinct
success states, and R_ (R,) the probability of occurrence
of the s'th (t'th) sufh skate. Then

v {R} =v{§ Rs} = i v {RS} +2 ZY“‘ i“ COV(R /Ry  (18)
=] s=1 s#1 t-s+l
where
cov {Rsnt} = E{Rth} - E{Rs} E{Rt} (19)

now define

h (i,r) = 1 if the r'th success state implies (20a)
component success I

h (i,r) = 0 if the r'th success state implies (20b)
component failure I

For example, if the r'th success state is defined by JaKalL,




N 'ﬁf e
.. 8

h(j,r) =1
h(k,r) =1
h(l,r) =0
then
N h(i,s)th(i,t) 2-h(i,s)=h(i,t)
: {RSRt}=1[-[1 >U=1 tay 7 x=1 (Bimm) (21
where 0
”' (ai+x)= ﬂ (ﬁi+x) =1
x=1 x=1
i {Rr}= ﬁ (niﬂ)h(i,r)(Bi+l)[i:h(i,r)] (22)
i=1 ai= Bi+2
fo) - ﬁ [(@+1) (2 i+z)1h‘i'r’f(;si+l)(fsi+2>1“‘h“'“”_[E{Rr}]z
i=1 (o i+ Bi+2)(ai+Bi+3)
(23)

allowing evaluation of (19) and (18). Of course,
N

E {R}= 2 E{Rr} (24)

Obvious computational simplifications are available
when the components are i.i.d., but care must be exercised
because E R_R, depends on identity/nonidentity of the
failed/unfafl&d components in the s'th and t'th states. For
example, if the 2nd state is defined by J K L, the 5th by

{ J KL, and the 7th by J K L, usually

E{RZRS } E{R2R7}

(This example is chosen for simplicity; normally i-of-3
redundancy would be evaluated as an ordinary redundant case.)




There remains the M~ofN redundant case for identical
mponents. Expressions (18), (19), and (24) remain valid,
but (21) - (23) are replaced by different (and simpler)
forms.

Count the number of component successes in the s'th

and t'th case and denote these by HS and Ht' respectively;
i.e.

Hs = i=1

N
B, - 14; h (i,t)

h (i,s)

then
H +H 2N-H H 2N
] r st
. . 1
E<R R = (Q+i) ( B+1) - e —— (25)
{ s "} iﬂ ' E,_ " i];ll (@+ B+i+l)
where again
H, N-H_ N
E{Rr}=ﬂ (a+i) [ 8+ ] 1 (26)
i=1 i=1 i=l (a+ B +i+l)
2H 2 (N~H_) 2N
r X
v {Rr} = n (o +i) - ﬂl (B +1) ﬂl 1 (27)
u 1= 1=

(o + 8 +i+l)
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This bibliography is designed to enlighten the reader as to
documents that are available in the field of reliability estimation
procedures for electric and thermochemical propulsion systems.
The bibliography is divided /nto eight separate sections:

. Electric (Ion)

. Electric (Colloid)

. Electric (Pulsed Plasma)
. Electric (General)

. Thermo-Chemical (Electro~-Thermal Monopropellant)
. Thermo-Chemical (Catalytic Monopropellant)
. Thermo-Chemical (Bipropellant)

. Thermo-Chemical (General).

Within each section, the documents are subcategorized by the source
(company, agency, or organization) which authored them. This sub-
categorization was selected in order to help the reader obtain any
documents he may wish, directly from the source responsible for
them. This is especially helpful in the cases of papers authorized
by an organization for either publication separately, as part of a
conference, or within a journal. All documents in these subcate-
gories are then arranged alphabetically by title.

Note: All bibliographic citations that are followed by an asterisk (*)

refer to documents that were obtained in perfor-
mance of this contract.
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Spacecraft,'" A, V, LaRocca and G. S. Perkins,
AJAA Paper 67-661, Presented at the AIAA Electric
Propulsion and Plasmadynamics Conference, Colo-

rado Springs, Colorado, September 1967,

"A Flight Qualified Electric Thruster for Satellite
Control, " R, J. Vondra and K, I. Thomassen,
AIAA Paper 73-1067, Presented at the ATAA 10th
Elect:ric Propulsion Conference, Lake Tghoe.
Nevada, October 31-November 2, 1973.

"Investigation of Plasma Rotation In A Pulsed Induc-
tive Accelerator, " C. L, Dailey, AIAA Paper 68-86,
Presented at the AIAA 6th Aerospace Sciences
Meeting, New York, January 1968.

"Plasma Separator Thruster,' B, A, Free and
W. R. Mickelsen, AIAA Paper 656-598, June 1966,
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"Pulsed Plasma and Low-Pressure Detonator
Thrusters, ' A, V, LaRocca, AIAA Paper 70-1147,
Presented at the AIAA 8th Electric Propulsion Con-
ference, Stanford, California, September 1970,

"Pulsed Plasma Microthruster Applications and
Techniques, ' A, V. LaRocca and G. S, Perkins,
AJAA Paper 68-554, Presented at the AIAA 4th
Propulsion Joint Specialist Conference, Cleveland,

Ohio, June 1968,

"Pulsed Plasma Microthruster Propulsion System
for Synchronous Orbit Satellite, "' W. J, Guman and
D. M, Nathanson, AIAA Paper 69-298, AIAA 7th
Electric Propulsion Conference, Williamsburg,

Virginia, March 1969,

"Pulsed Plasma Microthruster for Synchronous
Meteorological Satellite (SMS), " W, J. Guman and
T. E. Williams, AIAA Paper 73-1066, Presented
at the AJAA 10th Electric Propulsion Conference,
Lake ;[ahoe. Nevada, October 31-November 2,
1973,

"Pulsed Plasma Propulsion System Studies,' W. J.
Guman et al,, AIAA Paper 70-1141, Presented at
the AIAA 8th Electric Propulsion Conference, Stan-
ford, California, September 1970.

"Pulsed Vacuum=-Arc Microthrusters, " A, S,
Gilmour, R, J. Clark and H, Vernon, AIAA Paper
67-737, Presented at the AIAA Electric Propulsion
and Plasmadynamics Conference, Colorado Springs,
Colorado, September 1967,

"A Pulsed Vacuum-Arc System Incorporating
Throttle and Thrust Vector Controls, "' D. L, Lock-
wood and L. R, Burdette, AIAA Paper 70-180, Pre-
sented at the AJAA 8th Aerospace Sciences Meeting,
New York, January 1970,
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2, Papers (Continued)

"Recent Progress in Pulsed Vacuum-Arc Micro-
thruster Research,' A, S, Gilmour, et al,, AIAA
Paper 68-555, Presented at the AIAA 4th Propul-
sion Specialist Conference, Cleveland, Ohio, June
1968.

"Solid Propellant Electric Thrusters for Attitude
Control and Drift Correcticn of Space Vehicles, "
A, V., LaRocca, AIAA Paper 66-229, Presented at
the AIAA Fifth Electric Propulsion Conference,
San Diego, California, March 1966,

"Solid Propellant Pulsed Plasma Microthruster
Studies, " W. J, Guman and P, E. Peko, AIAA
Paper 68-85, Presented at the AIAA 6th Aerospace
Sciences Meeting, New York, January 1968,

"Thrust Measurements on a Pulsed Vacuum=~Arc
Thruster, "' O, Jarrett, et al., AJIAA Paper 70-11486,
Presented at the AIAA 8th Electric Propulsion Con-
ference, Stanford, California, September 1970,

United States Air Force

Pulsed Plasma Propulsion Technology, D, J. Palumbo

and W, J. Guman, AFRPL~-TR-~73-79, September 1973,

Pulsed Plasma Propulsion Technology, C. L. Dailey,

H. A, Davis and B, R, Hayworth, AFRPL-TR~73-81,
July 1973,

Pulsed Plasma Technology in Microthruster, W, Guman,

Air Force Aero Propulsion Laboratory, AFSC, Wright-
Patterson AFB, Ohio, AFAPL~-TR-68~132, November
1968,
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ARS

"The Confined Parallel Rail Pulsed Plasma Accelerator, "
M. E. Maes, ARS Paper 2397-62, Presented at the ARS
Electric Propulsion Conference, Berkeley, California,
March 1962,

"Pulsed Plasma Accelerators, ' P. Gloersen, ARS
Paper 2129-61, Presented at the ARS Space Flight Report
to the Nation Meeting, New York, October 1961,

AVCO Corporation

Study of Magnetic Annular Plasma Accelerator, R, M,

Patrick and A. M. Schneiderman, Summary Report,
Avco-Everett Research Laboratory, Contract NAS 3-
5748, Report Number NASA CR-54686, April 15, 1964~
January 14, 1966,

Bell Aerosystems Company

Study of Spacecraft Attitude Control Propulsion Devices,
Bell Aerosystems Company, Rgport Number 8214-933001,
December 1962. (Confidential)

Fairchild Hiller Corporation

Pulsed Plasma Microthruster Propulsion System Appli-

cation Notes, Fairchild Hiller, Report PCD~-TR-694,

January 1967.

Pulsed Plasma Microthruster Propulsion System Appli-

cation Notes, W. Guman, Fairchild-Hiller, Report Num-

ber PCD-TR-69-1, January 1969,

Fairchild Republic Company

Development of a Short Pulsed Solid Propellant Plasma

Thruster, W, J. Guman, Fairchild Republic Company,

Final Report MS 172R0001, March 1974,
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Fairchild Republic Company (Continued)

Electromagnetic Interference Testing Conducted Inter-
ference, M, Begun, W, J, Guman and D, J, Palumbo,

Feirchild Republic Company for the Air Force Rocket

Propulsion Laboratories, Contract FQ4611-72-C-0053,
Report MS 147N0001, June 26, 1975,

Failure Mode and Effect Analysis, G, E, Uhruh, Fair-

child Republic Company for Applied Physics Laboratory,
Contract Number 6,90064, Report Number MS 173N0002,
February 7, 1974,

Final Reliability Estimate for the Pulsed Plasma Thruster,

G. E, Unruh, Fairchild Republic Company for the APL,
Contract Numbgr 600064, Report Number MS 173N0005,
July 10, 1974,

Pulsed Plasma Propulsion Technology, Interim Report

for Period 10 May 1973-10 July 1974, D. J. Palumbo,
M. Begun and W, J., Guman, Fairchild Republic Com-
pany for the Air Force Rocket Propulsion *Laboratory,
Report Number AFRPL~TR~74-50, 1974.

Solid Propellant Pulsed Plasma Propuision System,
Fairchild Republic Company, undated. *

Worst Cage Analysis TIP II Power Conditioner, 1 July
1974, G. Unruh, Fairchild Republiec Company, Report
Number MS 173N0004, September 16, 1974,

General Electric Company

Life Tests on Capacitors for Pulsed Plagma Engine Appli-
cations, B. Gorowitz and T, W, Karras, Missile and
Space Division, General §lectric Company, Report Num-
ber R655D26, June 1965,
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(1)

(12)

(13)

Giannini Scientific Corporation

High Specific Impulse Thermo-Ionic Acceleration,

Giannini Scientific Corporation, PRE-114~a, December
1963.

The Plasma Jet and Its Application, G, M. Giannini,

Office Scientific Research, Giannina Scientific Corpora-
tion, Technical Note 57-520, 1957.

Jet Propulsion Laboratory (JPL) -

"A Pulsed Plasma Jet Attitude Controller for an ATS-H

Synchronous Satellite, "' G, E. Fleischer, Jet Propulsion
Laboratory, Internal Document, Engineering Memo 344-
365ATS, December 1971,

Massachusetts Institute of Technologx (MIT)

Electronic Parts List for the "LES, 9" Pulsed Plasma
Thruaster, MIT, August 1975,

National Aeronautics and Space Administration (NASA)

Axisymmetric Expansion of a Plasma in a Magnetic
Nozzle Including Thermal Conduction, E. L, Walker and
G. R, Seikel, NASA, NASA TN D-6154, February 1971.

Development of a Coaxial Plasma Gun for Space Propul-
gion, A, V. Larson et al., NASA, Semiannual Report,
Contract NAS3-7111, November 1965,

Plasmadyne Corporation

Investigation of a Low-Thrust Plasma Propulsion Device,
W. A, Stoner, Plasmadyne Corgoration. Report Number
1FR-021-1806, February 1961,
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(17

Talley Industrics

A Solid-State Pulse Motor System for Spacecraft Attitude

Control, D. Suddreth and D. Blackwood, Talley Indus-
tries.

TRW Systems, Incorporated

Development of a Pulsed Inductive Plasma Thruster,
C. R, Dailey, TRW Systems, October 1968,

Thrust Messurement For A Pulsed Inductive Thruster,
C. L. Dailey, TRW Systems for the U,S, Air Force,
Report AFOSR 70-0757TR, Air Force OSR Contract AF
44620-68-C-0042, March 1970,

University of California Radiation Laboratory (UCRL)

A Button Source of Plasma, V., G. Mclntosh and W, H.
Bostick, University of California Lawrence Radiation
Laboratories, Report UCRL~4688, April 1956,

Other Publications

1, Magazines

"Characteristics of the Pinch Discharge in a Pulsed
Plasma Accelerator, " L, Aronowitz and D. P,
Duclos, Progress in Astronautics and Aeronautics:
Volume IX, Electric Propulsion Development,

page 513, Edited by E. Stuhlinger, Academic Press
Inc., New York, 1963.

"Performance of a Hydromagnetic Plasma Gun, "

J. Marshall, Physics of Flulds, Volume 3, page 134,
1960,
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Magazines (Continued)

"Pulsed Plasma Microthruster Propulsion System
for Synchronous Orbit Satellite, " W, J, Guman and
D. M. Nathanson, Journal of Spacecraft and Rockets.

Volume 7, Number 4, pages 409-415, April 1970.

Papers/Reports

Pulsed Plasma Microthruster Applications and
Techniques, A, V., LaRocca’and G. S. Perkins.
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4. ELECTRIC (GENERAL)

(1)

(2)

Aerospace Corporation

Candidate Low Thrust Devices for the Space Station

Reaction Control System, G. Nunz, Aerospace Corpora-
tion, Contract F 04701-69-C~0066, Report Number TOR-
0066 (5759-03~-1), May 1970, *

American Institute of Aeronautics and Astronautics (AIAA)

1. Conferences

"Mission Design for a 1980 Encke Slow Flyby Using
Solar Electric Propulsion.' D. Bender, K. Atkins
and C. Sauer, Presented at the AIAA/AAS Astro-
d’namics Conference, Vail, Colorado, 1873.

"An Optimal Transfer to Qut-of-the-Ecliptic Using
a Solar Electric Spacecraft,'" C. L. Yen, Presented
at the ALIAA 11th Electric Propulsion Conference,
New Orleans, Louisiana, March 1975,

"Trajectory Design of a Solar Electric Propulsion
Slow Flyby Mission, " C. G. Sauer, Presented at the
AIAA 11th Electric Propulsion Conference, New
Orleans, Louisiana, March 1975,

2, Pagers

"All-Electric Thruster Control of a Geostationary
Communications Saiellite Which Employs Narrow-
Beam Antennas,' M. H. Kaplan, AIAA Paper 72-
436, Presented at the AJAA 9th Electric Propulsion
Conference, Bethesda, Maryland, April 1972,

"Anode Power Deposition in Quasi-Steady MPD Arcs, "
A, J. Saber and R. G. Jahn, AIAA Paper 73-1091,
Presented at the AIAA 10th Electric Propulsion
Conference, Lake Tahoe, Nevada, October 31~
November 2, 1973.
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"Application of Magnetic-Expansion Plasma Thruster:.
to Satellite Station Keeping and Attitude Control Mis-
sions, " G. R. Seikel, D. N. Bowditch and S. Domitz,
AlAA Paper 64-677, Presented at the AIAA Fourth
Electric Propulsion Conference, Philadelpiia,
Pennsylvania, August 1964,

"A Common Solar Electric Upper Stage for Multi-
Mission Applications," H. F. Meissinger and D. S.
Goldin, TRW Systems, A, C. Mascy, NASA/OART,
ATAA Paper 72-464, Presented at the AIAA 9th
Electric Propulsion Conference, Washington, D. C.,

April 17-19, 1972, *

"Development of an Assembly for the Distribution
and Isolation of Mercury Propellant Flow to Elec-
tric Thrusters,'" R. H. Smith, J. R. Womack,
AJAA Paper 75-407, Presented at the AIAA 11th
Electric Propulsion Conference, New Orleans,
Louisiana, March 1975, *

"Early Application of Solar Electric Propulsion to
a 1-AU Out-of-Ecliptic Mission, W. Strack, F.
Hrach, AJAA Paper 70-1118, Presented at the
AlAA 8th Electric Propulsion Conference, Stanford,
California, 1970.

"Effects of Electrostatic Rocket Material Deposited
on Solar Cells," R. F, Kemp, et al., AlAA Paper
72-447, April 1972,

"Electric Propulsion--Past History and Future
Prospects,' E. Stuhlinger, AIAA Paper 74-1081,
Presented at the AIAA/SAE 10th Propulsion Con-
ference, San Diego, California, October 21-23,
1974, *

"Electric Propulsion Status and Development Plans, "
J. Lazar, AIAA Paper 73-1143, Presented at the
AlAA 10th Electric Propulsion Conference, Lake
Tahoe, Nevada, 1973.
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Papers (Continued)

"Electric Propulsion Technology Status and Develop-
ment Plans - European Programs,' H. W. Loeb,
ATAA Paper 72-1146, Presented at the AIAA 10th
Electric Propulsion Conference, Lake Tahoe, Nevada,
October 31-November 2, 1973, %

"Electrostatic Thrusters," H. R. Kaufman and P. D.
Reader, AIAA Paper 72-1123, 1972,

"Factors in the Design of Spacecraft Utilizing Mul-
tiple Electric Thrusters,' D, J. Fitzgerald, AIAA
Paper 75-404, Presented at the AIAA 11th Electric
Propulsion Conference, New Orleans, Louisiana,
March 1975, *

"Failure Recovery and Failsafe Encke Rendezvous
and Flyby Missions Using Solar Electric Propulsion, "
J. M., Driver, AIAA Paper 74-804, Presented at the
AIAA Mechanics and Control of Flight Conference,
Anaheim, California, August 1974, *

"Initial Performance Data On A Low-Power MPD
Arc Thruster With A Downstream Cathode, " J.
Burkhart, AIAA Paper 70-1084, Presented at the
AlAA 8th Electric Propulsion Conference, Stanford,
California, August 1970.

"Interplanetary Spacecraft Design Using Solar Elec~
tric Propulsion,' J, H, Duxbury and G. M. Paul,
AlAA Paper 74-1084, Presented at the AIAA/SAE
10th Propulsion L .nference, San Diego, California,

1974, *

"Low Thrust Mission Risk Analysis,' C. L. Yen,

D. B. Smith, AIAA Paper 73-208, Presented at the
AIAA 11th Aerospace Sciences Meeting, Washington,
D. C., January 1973, *

""Measurements of Mass, Momentum and Energy Dis-
charge," K. E. Clark, R. G. Jahn and W. F, von
Jaskowsky, AIAA Paper 72-497, Presented at the
AIAA 9th Electric Propulsion Conference, Bethesda,
Maryland, April 17-18, 1972,
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"Mission Applications of Electric Propulsion, "
K. L. Atkins, AIAA Paper 74-1085, Presented at
the AIAA/SAE 10th Propulsion Conference, San
Diego, California, October 21-23, 1974, *

"Multiple Gimballing of Thrusters for Thrust Vector
Control and Thrust Vector Reorienting of Solar Elec-
tric Spacecraft," E, L, Marsh, AIAA Paper 73-1116,
October-November 1973, *

"NASA Overview of Electric Propulsion," J. Lazar
and J. P. Mullin, AIAA Paper 72-1127, 1972,

"SEP Stage for Earth Orbital Missions," S. P.
Horio and C. H. Guttman, AIAA Paper 73-1123,
Presented at the AIAA 10th Electric Propulsion
Conference, Lake Tahoe, Nevada, 1973.

""Spacecraft Capillary Propellant Retention and
Control for Long-Life Missions,' AIAA Paper 68-
485, April 1968,

"'Structural Evaluation and Dynamic Testing of Solar
Electric Propulsion Components, ' J. R. Womack,
Jay=Chung Chen, AIAA Paper 72-442, Presented

at the AIAA 9th Electric Propulsion Conference,
Bethesda, Maryland, April 17-19, 1972, *

"'Survey of Electric Propulsion Capability," K. E.
Clark, AIAA Paper 74-1082, Presented at the AIAA/

SAE 10th Propulsion Conference, San Diego,
California, October 21-23, 1974, *

"A Survey of Solar Array Technology for Electric
Propulsion, " R. W. Given, AIAA Paper 74-1083,
Presented at the AIAA/SAE 10tL Propulsion Con-
ference, San Diego, California, October 21-23,
1974, *

""System Study of Electric Propulsion for Military
Space Vehicles, " C, Hawk, et al., AIAA Paper 72-
493, 1972, "

c-37




(3)

2. Papers (Continued)

"Thrust System Technology For Solar Electric
Propulsion,’ T. D, Masek and E. V. Pawlik, AIAA
Paper 68-541, Presented at the AIAA 4th Propulsion
Joint Specialist Conference, Cleveland, Ohio, June
1968,

"Thrust Vectoring Systems, ' H. J. King and D. E.
Schnelker, AIAA Paper 70-1150, Presented at the
AIAA 8th Eleciric Propulsion Conference, Stanford,
California, September 1970,

"Thruster Array Approaches for a Solar Electric
Propulsion Encke Flyby Mission," R. G. Ross,
AIAA Paper 73-1115, October-November 1973,

"Trajectory Analysis and Performance for SEP
Comet Encke Missions, ' C. Sauer, AIAA Paper
73-1059, Presented at the AJAA 10th Electric Pro-
pulsion Conference, Lake Tahoe, Nevada, 1973,

"Trajectory Design for a Solar~-Electric Propulsion
Mars High Data Rate Orbiter," C. G. Sauer, AIAA
Paper 70-1119, Presented at the AIAA 8th Electric
Propulsion Conference, Stanford, California, 1970.

United States Air Force

Advanced Electric Thruster (A Space Electric Ramjet),
Go Lo Cafln. AFRPL"TR-73'12. April 19730

Applicability of Electric Propulsion far Future Military
Sateilites, C, W. Thomas, W. M. Adamson, Office of the
Assistant for Study Support (OAS), Kirtland Air Force
Base, New Mexico, September 1973, *

Areas of Applicability for Electric Propulsion Systems,

J. W. Geis, Air Force Aero Propulsion Laboratory,
Wright-Patterson Air Force Base, Report Number AFAPL-~
TR-67-80, September 1967, *
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United States Air Force (Continued)

Magnetic Field Annihilation of Impulsive Current Sheets,
C. L. Dailey, AFOSR~TR-73-0564, March 1973.

Millipound Thrust Electric Propuision, J. W. Geis, Air
Force Aero Propulsion Laboratory, Wright-Patterson Air
Force Base, Report Number AFAPL-TR-66-65,

September 1966. *

Research on Char&ed Particle Electrostatic Thrusters,
E. Cohen and M. N. Huberman, Air Force Technical
Report AFAPL-TR~66-94, September 1966.

Battelle Memorial Institute

Compatibility of Rocket Propellants With Materials of
Construction, Defense Metals Information Center, Battelle
Memorial Institute, OTS PB~161215, DMIC Memorandum
65, September 15, 1360, *

Boeing Aircraft Company

""Small Engines, " Volume I of Rocket Engines, H. R.
Bader, Jr., Boeing Company, Report Number D2~114118-
2-Vol~1, October 1968, *

COMSAT Corporation

A User Assessment of Servicing in Geostationary Orbit,
COMSAT Corporation, undated. *

Energy Research and Development Administration (ERDA)

Operationa) Risk and Reliability of Space Transportation
Systems, ERDA, undated, *
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(8) General Electric Company

"Faiiure Modes and Effects Criticatity Analysis,' Vol-
ume V of Superconducting Propulsion System, B. D. Hatch
and D. L. Kerr, General Electric Company, Power Gen-
eration and Propulsion Laboratory for the U. S. Navy,
Contract Number N00024~73~-C~5488, Report Number
SRD-74-106~5, November 1974.

Feasibility Study of a 110 Watt Per Kilogram Lightweight
Solar Array System, N. F. Shepard, et al., Final Report,
General Electric for the Jet Propulsion Laboratory, JPL
Contract 953387, May 1973,

Final Report Feasibility Assessment of a Solid Propellant
Electric Thruster (SPET), General Electric Spacecraft
Department, General Electric Report 66 SD 4255, March 15,
1966, :

(9)  Hughes Aircraft Company

Electric Propulsion Reliability Analysis, Research and
Development Division, Hughes Aircraft Company for NASA,
NASA Contract NAS7-559.

Nonelectric Reliability Notebock, Hughes Aircraft Com-
pany for Rome Air Development Center, NTIS AD/A-005-
657, Junuary 1975,

Part 1 - "Technical and Management Proposal,"' Vol-
ume IV -~ Reliability and Quality Assurance, Hughes Air-
craft Company, April 1968, *

(10) Ilinois Institute of Technolcgy {IIT)

Aerospace Tanks, Volumes I and 11, Illinois Institute of
Technology of Research Institute for the Jet Propulsion

Laboratory, IITRI Project C8209, JPL Contract 953830,
July 1974, *
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Illinois Institute of Technolog (IIT) (Continued)

Microcircuit Device Environmental Data, Reliability
Analysis Center, Illinois Institute of Technology Research
Institute for the U.S. Air Force, Rome Air Development
Center, MDEDO0474, NTIS AD-785-920K, April 1974, *

Microcircuit Device Failure Rates, Illinois Institute of
Technology Research Institute, RAC-MDFR-0674, June
1974, *

Microcircuit Reliability B1b11ograp}3y_ Volume I, ''Cumula-
tive Index, " Volume II, "Cumulative References, " Illinois
Institute of Technology Research Institute, Reliability
Analysis Center, RAC-MRB-0474, April 1974, *

Jet Propulsion Laboratory (JPL)

"Development of Electronic Parts Failure Rates for Long
Duration Space Missions,' P. O. Chelson, Sigol, Jet Pro-
pulsion Laboratory, Presented at the Proceedings of the
Twenty-Second Electronics Component Conference, 1972,

Low Thrust Mission Risk Analysis With Application to a
1980 Rendezvous With the Comet Encke, C. L. Yen,

D. B. Smith, Jet Propulsion Laboratory, NASA TM 33-
593, March 15, 1973, *

Nuclear Electric Propulsion Stage, J. F. Mondt, M. L.

Peelgren, A. M. Nakashima, T. M. Hsieh, W. M, Phillips,
and G. M. Kitkin, Jet Propulsion Laboratory, California
Institute of Technologv, Report Number TM-33-647,

August 1, 1874,

Optimized Silicon Solar Cells For Space Exploration

Power Systems, Peter A. Iles, Final Report, Centralab
Semiconductor Division, Jet Propulsion Laboratory, JPL
Contract 952865, November 1971,
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JPL (Continued)

Preliminary Studies and Recommendation on a Midcourse
Propulsion System for TOPS, Jet Propulsion Laboratory,
September 1969. *

Reliability Compiler (A Reliability Network Processor),

Jet Propulsion Laboratory, October 1972, *

Reliability Computation From Reliability Block Diagrams,

P. O. Chelson, R. E. Eckstein, Jet Propulsicn Labora-
tory For NASA, Contract NAS 7-100, JPL Technical Re-~
port 32-1543, December 1, 1971, *

Reliability Computation Using Fault Tree Analysis, P. O.

Chelson, Jet Propulsion Laboratory for NASA, Contract
NAS 7-100, JPL Technical Report 32-1542, December 1,
1971, %

Reliability Data for Electronic and Electromechanical

Components, Jet Propulsion Laboratory, Apuril 1875, *

A Rendezvous with Comet Encke Using Solar Electric
Propulsion, R. L. Newburn, Jet Propulsion Laboratory,
JPL Internal Document 701-201,

Satellite Auxiliary-Propulsion Selection Techniques,
L. B. Holcomb, Jet Propulsion Laboratory, Technical
Report 32~1505, November 1, 1970, *

Ibid, "Addendum Survey of Auxiliary Electric Propulsion
Systems, ' July 15, 1971, *

Ibid, "Supplement 1 -~ Application of Selection Techniques
to the ATS-H Satellite, "' October 1, 1972, *

Solar Electric Multimissicn Spacecraft, Phase A Final
Report, Spacecraft Subsystem Analysis, JPL, March 1972,

Solar Electric Propulsion Encke Slow-Flyby 1979 Mission
and Spacecraft Description, J. Gerpheide and J. Duxbury,
Jet Propulsion Laboratory, JPL Internal Document 701-
200, June 28, 1974.
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JPL (Continued)

Solar Electric Propulsion System Test, E., V, Pawlik,

E. N. Costogue, J. D. Ferrera, Jet Propulsion Labora-
tory, JPL Technical Report 32-1480, August 15, 1970, *

Solar Electric Propulsion Thrust Subsystem Development,

T. D. Masek, Jet Propulsion Laboratory, California
Institute of Technology, Report Number TR 32-1579,
March 15, 1973,

Technical Support Package on Reliability Data for Elec-
tronic and Electromechanical Components: A Report,

Jet Propulsion Laboratory, for NASA, Tech Brief 74-10280.
JPL Invention Report 30-2864/NPO-13153, April 1975.

User's Guide for Prep/Kitt on 1108 Computer, Jet Pro-
pulsion Laboratory, January 25, 1974, *

Lockheed Missile and Space Company, Incorporated

Fault Tree Graphics - Application to System Safety,
Lockheed Missiles and Space Company, Incorporated,
July 1975, *

Low Thrust Solid and Hybrid Propulsion Systems (Phase II),
Final Report, Lockheed Missiles and Space Company for
NASA, Contract NAS 7-573, Report Number LMSC-685070,
February 1968,

Solar Array Technology Evaluation Program for SEPS,
Midterm Report, NAS8-30315, Lockheed Missiles and
Space Company, Incorporated, April 1974,

SSD Electronic Parts Orbital Failure Rates (Active and
Dormant Operations) and Associated Failure Modes,
Lockheed Missgiles and Space Company, Incorporated,
July 1972, *
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(15)

(16)

(17)

Martin-Marietta Corporation

Long-Life Assurance Study for Manned Spacecraft Long-

Life Hardware, R. W. Burrows, Martin-Marietta Corpo-

ration for NASA, Contract NAS 9-12359, Voiumes 1-5,
Report Number MCR~72-169, December 1972, *

Revision of RADC Nonelectronic Reliability Notebook

(RADC-TR-69-458), Section 2, D. F. Cottrell et al,

Martin-Marietta Corporation for the Rome Air Develop-
ment Center, NTIS AD/A-002-152, October 1974, *

Ibid, Index and Revision to Section 2, NTIS AD/A-002-
899, *

Massachusetts Institute of Technology (MIT)

Wear Particle Formation Mechanisms, H, Koba, N. H.

Cook, Cambridge Materials Processing Laboratory, MIT,
May 1974, *

McDonnell Aircraft Company

Bibliography on Engines (General), McDonnell Aircraft

Company, April 1973.*

McDonnell Douglas Astronautics Company

"Attitude Control and Translation System/Propulsion
Subsystem, " Sequence Number B242, Volume V of
Laboratory Module/Effectiveness Model Report, Western
Division, McDonnell Douglas Astronautics Company,
April 1968, *

National Aeronautics and Space Administration (NASA)

Advanced Propulsion Comparison Study - Definition,
Technical Status, Operation, and Cost of Advanced Pro-
pulsion Systems, NASA, April 1973, *
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NASA (Continued)

Design Criteria for Spacecraft Propulsion Systems, C. N.
Jennings, Space General for NASA/OART, Contract NAS
7-519, Final Report, October 1967. *

"Generation of Thrust-Electromagnet Thrusters," in
Electric Propulsion for Spacecraft, G. R. Seikel, National
Aeronautics and Space Administration, Washington, D. C.,
NASA SP-22, pages 19-24, 1962.

Liquid Rocket Engine Combustion Stabilization Devices,
Design Criteria Office, Lewis Research Center, NASA,
Report Number NASA SP-8113, November 1974, *

Reliability Testing and Demonstration--Aerospace Prob-
lems, U. R. Lalli, Lewis Research Center, NASA, Re-
port Number NASA TM X~-67877, November 1971.

Reports and Papers Pertaining to Electrostatis Propulsion,
NASA-Lewis Research Center, 1972,

Retention and Application of Saturn Experiences to Future
Programs, W. D. Brown, N. Milly, Quality and Reliability
Assurance Laboratory, Marshall Space Flight Center,
NASA, NASA Technical Memorandum NASA TM X-64574,
September 14, 1971, %

Retention and Application of Skylab Experiment Experiences
to Future Programs, N. Milly, V. G. Gillespie, Quality

and Reliability Assurance Laboratory, Marshall Space Flight
Center, NASA, NASA Technical Memorandum NASA TM
X-64839, May 1, 1974, %

A Study of Programs for Evaluation of Component Life,
Marshall Space Flight Center, NASA, Contract NAS
8-21296, Report Number MCR-69-366, 1969,

A Study of Storage Technology for Various Launch Vehicle

Systems, NASA, Contract NAS 8-21296, Report Number

MCR-68-329, 1968.
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(18)

(19)

(20)

NASA (Continued)

A Study of Total Space Life Performance of GSFC Space-
craft, A. R. Timmins, Goddard Space Flight Center,
NASA, Report Number NASA TN D-8017, July 1975.

United States Navy

An Evaluation of Electric and Hydrazine Propulsion Systems
for Orbit Maintenance, R. U, Silverman, Naval Space Sys-
tems Activity, Final Report NSSA R40-70-3, May 1971, %

Planning Research Corporation (PRC)

Reliability Data From In~Flight Spacecraft, 1958-1970,
E. E. Bean, C. E, Bloomgquist, PRC for the U.S. Navy
Space Systems Activity, Report Number PRC R-1453,
November 30, 1971, %

Ibid ADDENDUM, November 1572,

A Standardized Approach for the Evaluation of Spacecraft
Reliability, E. E. Bean, C. E. Bloomquist, PRC for the
U.S. Navy Space Systems Activity, Report Number PRC
R~1453, November 30, 1971, %*

Princeton University

Methodology for Reliability - Cost-Risk Analysis of
Satellite Networks, Princeton University, March 1974, *

Multiple Payload Risk Considerations, Princeton University,
undated. * '

Operational Risk and Reliability of Space Transportation
Systems, Princeton University, undated. *

Reliability Compiler (A Reliability Network Processor),
Princeton University, October 1972, *
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(21)

(22)

(23)

Princeton University (Continued)

Risk Analysis: Flying by the Seat of the Pants Will Not
Serve the Aerospace Manager Nearly So Well as the
Quantitative Gauges of this Modern Treatment of Decision
Making, Princeton University, undated. *

Rockwell International and North American Rockwell

Extended Definition Feasibility Study for a Solar Electric
Propulsion Stage, J. Gilbert, et al, Final Report, Vol-
ume II -"Concept and Feasibility Analysis," Part 1 -
""Planetary Missions, " Rockwell Internation for NASA,
Contract NAS 8-27360, December 1973,

Feasibility Study for a Solar Electric Propulsion Stage,
Space Division, North American Rockwell for NASA,
Contract NAS 8-27360, Report SD 72-SA-0177-1. %

Space Technology Laboratories, Incorporated

Research on the Generation and Acceleration of Submicron-
Size Particles, V. E. Krohn, Space Technology Laboratories,
Incorporated, Summary Report covering August 1953-
February 1962, STL Report 8937-6005-cu-~000, 1962,

TRW Systems, Incorporated

Advanced Spacecraft Valve Technology Compilation, TRW
Systems, Incorporated, July 1970, *

Comparative Reliability Study--Monopropellant - Bi~-
propellant Jupiter Mission Systems, R. A. Paulson, TRW
Systems for the Jet Propulsion Laboratory, JPL Con-
tract 952545, November 1969,

Feasibility Study for a Multi-Mission Electric Propulsion
Spacecraft, TRW Systems, Incorporated, Contract No,
NAS-2-6287, Report 18305-6001-R000, June 1971, *




TRW (Continued)

Study of Advanced Techniques for Determining the Long
Term Performance of Components, TRW Systems, In-
corporated, March 1972, *

(24, University of Soutkern California

Investigation of the Feasibility of the Delphi Technigne for
Estimating Risk Acalysis Parameters, University of
Southern California, April 1974, *

(25) Other Publications

1. Books

"The Electromagnetic Pinch Effect for Space Pro-
pulsion, " in Dynamics of Conducting Gases, A. E.
Kunen and W. Mcllroy, pages 179-189, Edited by

A. B. Cambel and J. B. Fenn, Northwestern University
Press, Evanston, Illinois, 1960,

Electric Contacts Handbook, R. Holm and E. Holme,
Springer-Verlag, Berlin, Third Edition, 1958,

Flektrische Antriebe von Raumfahrzeugg_n_, G. F. Au,
Verlag G. Braun, Karlsruhe, 1968.

Elements cf Rocket Propulsion, G. P. Sutton, John
Wiley & Sons, Incorporated, New York, First
Edition, 1949,

Physics of Electric Propulsion, R. G. Jahn, McGraw-
Hill Book Company, New York=-St. Louis=-San
Francisco-Toronto-London~Sydney, 1988,




2.

4.

Conferences

"Position and Orientation Propulsion Systems for
Unmanned Vehicles,' A, Burnstein, H., Dicristina,
Presented at the 19th Congress of the International
Astronautical Federation, New York, Paper P37,

October 1968.

"STL Heavy Particle Propulsion Program,' E.
Cohen, Presented at the Third Symposium on Ad-
vanced Propulsion Concepts, Cincinnati, Ohio,
October 1962,

Dissertation

"On the Electric Propulsion/Mission System: Energy,
Constraints, and Characteristic Surfaces,' K. L.
Atkins, PhD Dissertation, University of Illinois,
Urbana, Illinois, 1974.

Magazines

"Electrical Propulsion Systems for Space Ships with
Nuclear Power Source,' E., Stuhlinger, Journal of
Astronautics, Volume 2, page 149, 1955; Volume 3,
pages 11, 33, 19586,

"Electrostatic Rocket Exhaust Effects on Solar-
Electric Spacecraft Systems," D. ", Hall, et al,
Journal of Spacecraft and Rockets, Volume 7,

Number 3, pages 305-312, March 1970C.

"Flight Path of an Electrically Propelled Space Ship, "
E. Stuhlinger, Jet Propulsion, Volume 27, Number 4,
Page 410, April 1957.

"Introducing Magnetohydrodynamics,'' A. Kantrowitz,
Astronautics, Volume 3, Number 10, October 1958,
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Magazines (Continued)

"Low Thrust Flight: Constant Exhaust Velocity in
Field-Free Space, D, B. Langmuir, Chapter 9,
H. S. Seifert (Editor), Space Technology, John
Wiley and Sons, Incorporated, New York, 1959,
(Also see Chapter 18.)

"Magnetohydrodynamics," M. U. Clauser, in Space
Technology, Chapter 18, H. S. Seifert (Editor),
John Wiley and Sons, Incorporated, New York, 1959,

"Plasma Motors, "' W. Bostick, Advanced Astronauts

Sciences, Volume 2, American Rocket Society,

Plenum Press, Incorporated, New York, 1957,

"Spacecratt Mission Effectiveness, ' A, Leventhal
and C, E. Bloomquist, Annals of Reliability and
Maintainability, Spring Issue, 1968,

"Survey of Satellite Auxiliary Propulsion Systems, "
L. G. Holcomb, Journal Spacecraft and Rocket,
Volume 9, Number 3, pages 133~147, March 1972,

Papers/Reporis

"A Circular 1,0 AU Out-of-the~Ecliptic Mission
Using Solar Electric Propulsion, J, H, Duxbury,
111 EEPC Paper 74-242, October 1974,

Cost Optimization of a Re-Supplied Communications
Satellite System with Mixed- Thruster Electric Pro-
pulsion, R, C, Parkinson, Rocket Propulsion Es-
tablishment, Westcot}, England, Report No. RPE-
TR-20, March 1974,

"Ein Elektrostatisches Raketentriebwerk mit
Hochfrequenzionenquelle, " H. W, Loeb, Astro-
nautica Acta VIII, Volume 1, Number 49, 1962,

"Flexible Solar Array Applications In Communica~
tions Satellites, "' W, J. Billerbeck and D. J. Curtin,
IECEC Paper 749045, August 1974,
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Papers/Reports (Contirued)

Literature Searches on Chemical Propulsion Re-

liability, S‘Obtained through L. Holcomb), Septem-

ber 1969,

""NASA's Position in Electric Propulsion,'" R, C,
Finke, Invited Paper Presented at the IlIrd Euro-~
pean Electric Propulsion Conference, Hinterzarten,

Germany, October 14-18, 1974,

Reliability Analysis and Prediction Standards, (Ob-

tained through L. Holcomb), April 1965, *

"U.S. Solar-Electric Propulsion Planetary Mission
Candidates: Out-of-the-Ecliptic, Small Bodies,
and Orbiters of Mercury and Saturn, "' K, Atkins,
II1 EEPC Paper 74-243, October 1974,
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THERMO-CHEMICAL ELECTRO-THERMAL MONOPROPEL-~

LANT

(1)

American Institute of Aeronautics and Astronautics (AIAA)

1,

Conferences

"NASA Research on Resistance-Heated Hydrogen
Jet,"" J. R. Jack, Presented at the AJAA Electric
. 2ulsion Conference, Colorado, March 1963,

"Registojet Engine Performance, A Comparison of
Experiment with Theory, "' R. J. Page and C. R.
Halbach, Presented at the AJAA 4th Electric Pro-
pulsion Conference, Philadelphia, Pennsylvania,
August 1964,

Journals

"Arcjet Engine Performance: Experiment and
Theory," R. R. John, S. Bennett and J. F. Connors,
AIAA Journal, Volume 1, Number 11, pages 2517~
2525, November 1963.

"1-KW Arcjet-Engine System-Performance Test, "
A, C, Ducati et al,, AIAA Journal of Spacecraft
and Rockets, Volume 1, Number 3, pages 327-332,
May=June 1964.

PaEers

"Ammonia Resigtojet Station Keeping Subsystem
Aboard Applications Technology Satellite (ATS)-1V, "
T. K. Pugmire, R. Shaw and R. A, Collens, AIAA
Paper 69-296, March 1969,

"Applied Resistojet Technology,' T. K. Pugmire
and R. Shaw, AIAA Paper 70-211, Presented at the
AIAA 8*h Aerospace Sciences Meeting, New York,
New York, January 1970,
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Papers (Continued)

"ATS-III Resistojet Thruster System Performance, "
T. X. Pugmire and W. Lund, AIAA Paper 68-553,
June 1968,

"Design and Demonstration of a Radioisojet, "
R. Viventi and W, C. Isley, AIAA Paper 67-425,
July 1967,

"Design and Performance of a Thermal Storage
Resistojet, " T. A, Cygnarowicz and R, N. Gibson,
AIAA Peper 67-662, September 1967,

"Development of a Biowaste Resistojet," C. R,
Halbach and R. Y, Yoshida, AIAA Paper 70-1133,
Presented at the AJIAA 8th Electric Propulsion Con-

ference, Stanford, California, September 1970,

"The Development Of Microthrusters In France
Under the C. N, E.S, Authority, " AIAA Paper 70-617,
Presented at the AIAA 6th Propulsion Joint Specialist
Conference, San Diego, California, June 1970,

1970.

"Electrothermal Hydrazine Thruster Development, "
1972,

"Electrothermal Microthrust Systems, " A, F, White,
AIAA Paper 67-423, July 1967,

"Electrothermal Thruster Performance with Bio-
waste Propellants, "' C, K, Murch, AIAA Paper 70-
1161, Presented at the AIAA 8th Electric Propul-
sion Conference, Stanford, California, September

"An Experimental Study of Superheated Subliming
Solid Thruster Performance, " W, L. Owens, AIAA
Faper 70-210, Presented at the AIAA 8th Aerospace
Science Meeting, January 1970,
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Papers (Continued)

"The Hybrid (Hydrazine) Resistojet, "' R. R. Schreib,
T. K. Pugmire and S, G, Chapin, AIAA Paper 69-
496, June 1969,

"Investigation of Electrical Systems of Plasma Arc
Jet Enginor, "' R, Richter, AIAA Paper 63-044,
Presented at the AIAA Electric Propulsion Con-
ference, Colorado Springs, Colorado, March 1963.

"Life Test of Six High Temperature Resistojets, "
R. J. Page, C. R. Halbach, R. A, Short and M. L.
Ownby, AIAA Paper 69-299, March 1969,

"Low Thrust Propulsion for the MORL, " M, Good-
man, AIAA Paper 66-226, March 1966,

""An Operational Electrothermal Propulsion System
for Spacecraft Reaction Control, ' F, A. Jackson,
J. C. Stansel, D, Fortner and C, F, Hagelberg,
AIAA Paper 66-213, March 1966,

"Propulsion Requirements for Communications
Satellites, "' W, C. Isley and K, I, Duck, AIAA
Paper 72-515, Proceedings of AIAA Fourth Com-
munications Satellite Systems Conference, Wash-
ington, D,C., April i972,

"Resistojet and Plasma Propulsion System Tech-
nology, "' R. V. Greco et al,, AIAA Paper 72-1124,
1972,

"A Resistojet System for Attitude Control of Un-
manned Earth Satellites, "' Ivan Tobias and R. L.
Kasson, AIAA Paper 85-225, March 1966,

"Resistojet Systems Manned Spacecraft Applications, "
R, V. Greco and D. E. Charhut, AIAA Paper 69-255,
March 1969,

"'Subsystems Analyses for a MORL Resistojet Con-
trol System, " A. Pisciotta and E. Eusanio, AJAA
Paper 67-721, September 1967,
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3. Papers (Continued)

"Ten-Millipound Resistojet Performance," R. J.
Page and R. A, Short, AIAA Paper 67-664, October
1967.

""Thermal and Material Considerations Pertinent to
the Biowaste Resistojet, " T. K. Pugmire and R. R.
John, AIAA Paper 70-1135, Presented at the AIAA
8th Electric Propulsion Conference, Stanford,
California, September 1970,

'3 KW Concentric Tubular Resistojet Performance
Compared With Theory, "' R. J, Page, C. R. Hal-
bach and R. A, Short, AIAA Paper 66-224, March
1966,

United States Air Force

Auxiliary Propulsion Survey, Part lII, I. Grossman,

T. R. Jones and D, N, Lee, Air Force Aero Propulsion
Laboratory, Technical Report AFAPL-TR-68-67, Part III,
September 1968,

Aeronautic Research Laboratory (ARS)

"The Resistojet, ARS Space Flight Report to the Nation, "
J. M. Howard, ARS Preprint 61-2126, October 1961;
also ARS Journal 33, Number 6, pages 961-962, June
1962,

"Theoretical Performance of Propellants Suitable for
Electrothermal Jet Engines, " J. R, Jack, Presented at
the ARS 15th Annual Meeting, Washington, D.C.; ARS
Preprint Number 1506-60, December 1960; also ARS
Journal 31, pages 1685-1689, 1961,
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(4)

(5)

(6)

ASDT

Investi&ation of Electric Resigtance-Heated Rocket for
Feasibility In Space Propulsion Applications, J. M.,
Howard, ASDT PR~62~-48"7, June 1962,

American Society of Mechanical Engineers (ASME)

""Advanced Resistojet Propulsion and Control Systems for
Spacecraft, ' R. J. Page and R. A, Short, ASME Paper
70-Av/SpT-10, Space Technology and Heat Transfer Con-

ference, Los Angeles, California, June 1970,

AVCO Corporation

"Weapon System K107A-2," Volume 2 of The Arc-Jet-
Propelled Space Vehicle Status Report, Research and Ad-

vanced Development Division, AVCO Corporation, for the
U.S. Air Force, Contract Number AF04-647-305, Re-
port Number SR61-27, March 1961,

"Appendices, " Volume 2 of Weapon System 107A-2, The
Arc-Jet-Propelled Space Vehicle, Research and Ad-

vanced Development Division, AVCO Corporation, for the
U.S. Air Force, Contract Number AF04-647-305, Re-
port Number SR61-61, Volume 2, April 1961,

Arc Jet Technology Research and Development, R. R.

John and S. Bennett, Research and Advanced Develop-
ment Division (now AVSSD), AVCO Corporation, AVCO/
RAD SR 64-239, October 1954,

Design, Development, Fabrication, Test, and Delivery

of Electrothermal Engine Systems, T, K. Pugmire,

Final Report, AVCO Space Systems Division, Report
AVSSD~-0062-68-RR, NASA CR-72362, November 1967,

Flight Prototype Ammonia Storage and Feed System,

T, K. Pugmire, AVCO Space Systems Division, Contract
NAS5-10128, Report AVSSD-0100-67-RR, January 1967.
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(6)

(7

| (8)
'
|
| @

(10)

AVCO Corporation (Continued)

Resistojet Research and Development, Phase II, R. R.

John, Final Report, AVCO Corporation for NASA, NASA
CR~54688, AVCO Report AVSSD-0356-66-CR, Decembel
1966,

Bell Aerosystems Company

Study of Spacecraft Attitude Control Propulsion Devices,

Bell Aerosystems Company, Report No. 8214-933001,
December 1962, (Confidential)

Electro-Optical Systems

Auxiliary Propulsion Survey, R. Shattuck, Part |—'"Flec-

tric Thrusters Survey, ' Electro-Optical Systems for the
U.S. Air Force, Technical Report AFAPL-TR-68-67,
Part I, September 1968,

Fairchild Hiller Corporation

Final Report: ATS-4, Fairchild Hiller Space Systems

Division for NASA-Goddard, NASA CR-81562, December
19686,

General Dynamics/Convair

Utilization of Electric Propulsion for Interplanetary

Spacecraft, j. E. Stumm, H. D. Girouard, K. W.
Eckert, M. Nelson and R. K. Ruhe, General Dynamics/
Convajr, Report Number GDC-ERR-AN-1142, April
1968,




(11)

(12)

(13)

General Eleciric Company

Analytical Methods for Resistance Jet Design, N. P,

Jeffries, General Eleciric, Technical Information Series
Report Number R 645D3008.

NRL Ammonia Vapor Microthruster System, J. Kamin

and M, L. Bromberg, General Electric, Space Power and
Propulsion Section, Contract N00014-66-C0129, Septem-
ber 1966,

Simulated Radioisotope Thrust System and Component De-
velopment, Final Report, R, E, Viventi et al., General

Electric Nuclear Systems Programs, Report GESP-87.

Hamilton Siandard, Division of United Aircraft Corpora-
tion

Hydrazine Impurity Survey, Phase I, G, L. M, Christo-
pher and C. T. Brown, Hamilton Standard Division,
United Aircraft Corporation for the U,S, Air Force,
Technical Report January 1973-March 1973, AFRPI.-TR-
73-24, Contract F04611-73-C-0019, June 1973, *

Monopropellant Hyarazine Tank Self-Pressurizer Demon-
stration Program, E, R. Bruun and J. E. Genovese,
Hamilton Standard Division, United Aircraft Corporation,
Final Report November 1971 -December 1972, SVHSER-
6049, AFRPL-TR-73-55, Contract F04611-72-C-0021,
June 1973, 4

ITR

Resistance~Heated Thrustor Research, J. P, Todd,
Plasmadyne, Report ITR 093-18628, September 1863,




(14)

(15)

(16}

(1m)

JANNAF

"An Experimental Evaluation of Metallic Diaphragms for
Positive Fuel E . 'sion in the Atmosphere Explorer
Hydrazine Propui- n Subsystem, ' in 1972 JANNAF Pro-
pulsion Meeting, W. L. Woodruff, Goddard Space Flight
Center, NASA, Teachnical Report November 1972, CPIA
Publication 228, Volume IV, Contract NAS 3-12026,
December 1972,

Jet Propulsion Laboratory (JPL)

"Survey nf Materials for Hydrazine Propulsion Systems

in Multicycle Extended Life Applications, "' C. D. Coulbert
and G. Yankursa, Jet Propulsion Laboratory, California
Institute of Technology, Technical Memorandum TM-33-
561, Contract NAS 7-100, September 1972,

‘The Marquardt Corporation

Resistojet Thruster Life Test, R, J, Page, R. A. Short

and M. L, Ownby, Rocket Systems Division, The Mar-
quardt Corporation, First Quarterly Report for Contract
Number NAS~1-8090, July 1968,

Survey of the Electric Propulsion Field, A, Belsley, The

Marquardt Corporation, Report Number MIR 399, May
1971,

3-kw Concentric Tubular Resistojet Performance, The
Marquardt Corporation, November 19686, *

National Aeronautics and Space Administration (NASA)

The Design and Performance of a 3-kw Concentric Tube

Resistojet, R, J, Page and R. A. Short, NASA CR-54410,

September 1965,

Electrothermal Fngine Research and Development,

S. Bennett, NASA Report CR-54104.
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(18)

(19)

(21)

Princeton University

Resistojet and Plasma Propulsion System Technology,
Princeton University, December 1972, *

Rocket Propulsion Establishment

Cost Optimization of a Re-Supplied Communications Satel-

lite System with Mixed-Thruster Electric Propulsicn,
Rocket Propulsion Establishment, March 1974. *

TRW Systems, Incorporated

Electrothermal and Radioisotope Heated Propulsion for

Spacecraft Reaction Control, TRW Systems Group, Feb-

ruary 1968,

Monopropellant Spacecraft Maneuvering and Attitude
Control System, TRW Systems Group, December 1968,

Radioisotope Propulsion Technology Program (POODLE)

Final Report, Vclumes I, II, & III, TRW Systems, Con-
tract Number AT (04-3)-517, Report STL~-517-0049,
April 1967,

Study of Monopropellants for Electrothermal Thrusters,
J. D. Kuenzly, TRW Systems Group, Report 22409-6014-
RU-00, Marcn 1974,

United Aircraft Corporation (See Hamilton Standard)
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Other Publications

1.

Magazines

"Life Test Summary and High Vacuum Tests of
10-mlb Resistojets, " R, Y. Yoshida, C. R, Hol~
bach and C, S, Hill, Journal of Spacecraft and
Rockets, Volume 8, Number 4, pages 414-416,
April 1971,

"3-kw Concentric Tubular Resistojet Performance, ’
R. J. Page, C, R. Halbach and R, A, Short,
Journal of Spacecraft, Volume 3, Number 11,
November 1966, *

Papers/Reports

Reliability Electronics, Defense Documegptation
Center, DDC~TAS-74~35, October 1974,

C-61




THERMO-CHEMICAL (CATALYTIC MONOPROPELLANT)

(1) Aerojet General Corporation

Monopropellant Rocket Engines, Propulsion Division,
Aerojet-General Corporation, June 1969,

(2)  Aerojet Liquid Rocket Company

Final Report AJ 46-3 Monopropellant Thruster (5 1bj.),
D. Lemke, Aerojet Liquid Rocket Company, Contract
FO4611-72~C-0075, September 22, 1975.

(3) Aerosrace Corporation

Propulsion Systems for Advanced Geosynchronous
Satellites, G. Nunz and J. Oberstone, /.erosnace Corpora-
tion for the U,S., Air Force, Air Force Report No.
SAMSO-TR-70-171, May 1970.

Qualification Test Program for the DSCP-2 Hydrazine
Rocket Fngine Assembly, R. L. Doebler, Aerospace C
Corporation, Report Number TOR-0059 (6143)-26,
January 22, 1971,

A Survey of Monopropellant Hydrazine Thruster Tech-
nology, Aerospace Corporation, November 1973, *

(4) American Institute of Aeronautics and Astronautics
(A1AA) Paper

"Microthrust Monopropellant Hydraziane °ropulsion
System Technolcgy," R. F. Kggers, AIAA Paper 68-556,
Presented at the AIAA 4th Propulsion Joint Specialist
Conference, Cleveland, Ohio, June 1968.
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(5)

(6)

(7)

(8)

(9)

United States Air Force

Performance Mapping of Hydrazine Attitude Control
Thrusters: Interim Report, J. A, Quirk, Air Force
Rocket Propulsion Laboratory, Edwards AFB,
California, 1974. *

Transtage ACS Valve Storage Tests, G. J. Gunderson,
Air Force Rocket Propulsion Laboratory, Edwards AFB.
Technical Report AFRPL~TR-70-150, January 1971, *

Transtage ACS Valve Storage Tests, C. J. Gunderson,
Air Force Rocket Propulsion Laboratory, Edwards AFB,
Technical Report AFRPL.-TR~72-14, March 1972, *

COMSAT Corporation

Success Criteria for Intelsat IV on a per Channel Basis,
R. Strauss, COMSAT Corporation, COMSAT Task 211 -
4019, TCLP 112, September 11, 1968.

Fairchild Hiller Corporation

Final Report: ATS-4, Fairchild Hiller 5pace Systems
Division for NASA -Goddard, NASA CR-81562, December
1966.

General Dynamics/Convair

Space Tuyg Attitude Control Systems, Monopropellant
Versus Bipropellant, General Dynamics/Convair, 1974, *

Hamilton Standard, Division of United Aircraft Corporation

0.1 1b, 15-Hour Continuous Mode Firing Test Results,
Proposal, Hamilton Standard.

Final Report on 0.1 lb, Valve/Thruster Evaluation Testing,
W. Beauregard, Hamilton Standard, Report SVHSER 5447,
Volume I, July 1969.




‘ ) (9) Hamilton Standard, Division of United Aircraft
t Corporation (Continued)

‘ Final Report, 0.1 1bf Valve/Thruster Evaluation Testing,
i{ Volume 1 Valve/Thruster Performance, Hamilton
Standard, Report SVHSER 5447, Julv 1969,

Hydrazine Impurity Survey, Phase 1, G. L. M, Christopher,
C. T. Brown, Hamilton Standard Division, United Aircraft
Corporation for the U.S. Air Force, Technical Report
January 1973 - March 1973, AFRPL-TR-73-24, Contract
F04611-73-C-0012, June 1973, =

Long Life 5 1bf Hydrazine Engines for Endurance Re-
quirements, Hamilton Standard, Report SP13R68,
August 1968.

Monopropellant Hydrazine Rocket Engine, Hamilton
Standard for the Jet Propulsion Laboratory, Report
HSPC 69R02, May 1969.

Monopropellant Hydrazine Rocket Engine Technical In-
formation, Hamilton Standard for the Jet Propulsion
I.aboratory, Report Number HSPC 691202, May 1969.

Monopropellant Hydrazine Tank Self-Pressurizer Demon-
stration Program, I. R. Bruun, J, E. Genovese,
Hamilton Standard Division, United Aircraft Corporation,
Final Report [iovember 1971 - December 1972, SVHSER-
6049, AFRPL-TR-73-55, Contract F04611-72-C-0021,
June 1973, *

(10)  The Johns lopkins University

Monopropellant Hydrazine Technology (Bibliography),
The Johns Hopkins University, August 1975, *

f (11) Hughes Aircraft Company

Proposal for Intelsat IV Satellite and Associated Equip-
ment, Hughes Aircraft Company, Document Number
PFP 68-3, Volume IV, 1968.
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(12)

(13)

JANNAF

"An Experimental Evaluation of Metallic Diaphragms

for Positive Fuel Expulsion in the Atmosphere Explorer
Hydrazine Propulsion Subsystem, " In 1972 JANNAF
Propulsion Meeting, W, L. Woodruff, NASA Goddard
Space Flight Center, Technical Report November 1972,
CPIA Publication 222, Volume IV, Contract NAS 3-12026
December 1972.

"Flight Performance of Hydrazine Thrusters on Intelsal !
and IV, " In 1972 JANNAF Propulsion Meeting, G. Huson,
W. Kinney, Communications Satellite Corporation, COM-
SAT Laboratory, Technical Report November 1972, CPla
Publication 228, Volume IV, December 1972,

"Life Evaluation of Monopropellant Hydrazine Thruster, "
In 1972 JANNAF Propulsion Meeting, J. A. Quirk, Air
Force Rocket Propulsion Laboratory, Edwards AFB,
Technical Report November 1972, Decerber 1972,

"Mariner Spacecraft Experience with Monopropellant
Hydrazine Propulsion Systems, ' In 12th JANNAF Liquid
Propulsion Meeting, R. W. Rowley, California Institute

of Technology, Jet Propulsion Laboratory, Technical
Report, Contract NAS 7-100, 1970,

"Mariner Spacecraft Experience with Monopropellant
Hydrazine Propulsion Systems, ' In 12th JANNAF Liquid
Propulsion Meeting, R. W. Rowley, Technical Report

November 1970, CPIA Publication 201, Volume I, Con-
tract NAS 7-100, October 1970,

Jet Propulsion Laboratory (JPL)

Comparative Reliability Study: Monopropellant-Bipropellant

Jupiter Mission Systems, Jet Propulsion Laboratory,

November 1969, *

Failure Rate Analysis of Mariner Venus 69 Spacecraft Data,

F. H, Wright, Jet Propulsion Laboratory for NASA, Contrac{
Number NAS 7-100, Jet Propulsion Laboratory Technical
Report 32-1266, June 1, 1969,
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(13)

(14)

JPL (Continued)

Failure-Rate Computations Based on Mariner Mass 1969
Spacecraft Data, P. O. Cheison, JPL for NASA, Contract
Number NAS 7-100, JPL Technical Report 32-1544,
December 1, 1971, *

Preliminary Studies and Recommendations on a Midcourse

Propulsion System for TOPS, Jet Propulsion Laboratory,
September 1969, *

Selected Component List, Jet Propulsion Laboratory,
August 1969. *

The Status of Monopropellant Hydrazine Technology,
T. W. Price and D. D. Evans, Jet Propulsion Laboratory,
Technical Report 32-12271, February 1968,

A Survey of the Compatibility with Hydrazine and Mixtures
of Hydrazine, Hydrazine Nitrate, and Water, D. H. Lee,
JPL, LPIA-LPM-1 (Hydrazine, March 1961), Memorandum
20-152, December 22, 1957, *

Survey of Materials for Hydrazine Propulsion Systems in
Multicycle Extended L.ife Applications, C. D. Coulbert,
G. Yankura, California Institute of Technology, Jet Pro-
pulsion Laboratory, Contract NAS 7-100, Technical
Memorandum TM~33-561, September 1972, *

The Marquardt Corporation

Basic Data Package Flight Weight Hydrazine Monopro=
pellant REA, Model R12D, 5-1b Thrust, Propulsion Divi=-
sion, The Msarquardt Corporation, August 1969,

Basic Data Package Flight Weight Hydrazine Monopro-
pellant REA, Model R25A, 0.1-1b., Thrust, Propulsion
Division, The Marquardt Corporation, August 1969,

Investigation of Exhaust Nozzle Flow Phenomena In Arc
Jet Engines, L. R, Oswalt, A, Widawsky, The Marquardt
Corporation, Contract NAS 8-8951, Report Number MR-
25,052, May 1962.
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(15)

(16)

(17)

The Marquardt Corporation (Continued)

"Optimization of Conical Nozzle Angle with Viscous
Velocity Profile," E. Pitkin, The Marquardt Corporation
Interoffice Memo, December 13, 1962.

User's Manual for the Marquardt Model R-13E 5 1b Thru-~
Monopropellant Engine, R, C. Stechman, The Marquard*
Corporation, May 1973.

Viscous Laminar Flow In Conical Nozzles, E. Pitkin, Ths
Marquardt Corporation, Report Number MR~-20, 187,
July 1962,

Princeton University

Nuclear Propulsion Systems and Mission Analysis Researc.;
Reliability Model of a Monopropellant Auxiliary Propulsio.
System, Aerospace System Laboratory, Princeton University,
June 1971, *

Reliability Model of a Monopropellant Auxiliary Propulsion
System, J. S. Greenberg, Princeton University for NASA
Technical Report AMS-997, NASA CR~131400, Grant NSR~
31-001-150, June 1971,

""Space System Comparison and Evaluation - Basic Concepts, "
J. Greensberg, Aerospace Systems Laboratory, Princeton
University, ASAR Memo Number 71, May 28, 1971, %

RCA

A Mathematical Model for the Performance of a Spacecraft
Auxiliary Propulsion System, R, Lake, RCA, Number RCA
PRAE-71-TR-014, May 21, 1974, *

Rocket Research Corporation

Advanced Flcet Ballistic Missile Weapon Systems, Rocket
Research Corporation, June 1972, *
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(18)

Rocket Research Corporation (Continued)

Engine Life Consideration--In 1972 JANNAF Propulsion
Meeting, F. McCullough, Jr., Rocket Research Corpora-
tion, Contract NAS 8-28950, Technical Report November
1972, CPIA Publication 228, Volume 1V, December 1972, *

Hydrazine Propulsion System Reliability Description,
Rocket Research Corporation, Subcontract Number 9006~
085-16043, July 19765, *

Long-Life Monopropellant Hydrazine Engine Development
Program, B. W. Schmitz, W. W. Wilson, Rocket Research
Corporation for the U.S. Air Force, Final Report April
1970 - June 1971, RRC-71-R-287, AFRPL-TR-71-1"3,
September 1971, *

MR-50A Rocket Engine Assembly Design and Description,
Rocket Research Corporation, Report 69-R-183, November
1969,

MR-74 Rocket Engine Test Report, B. Schinitz. Rocket
Research Corporation, Report Number 69-R-194, August
1969.

Monopropellant Hydrazine Plenum System, Rocket Research
Corporation, First Quarterly Report under Contract Number
NAS 5-10389 (67-R~-117), August 24, 1961,

Final Report for Monopropellant Hydrazine Plenum Study,
Rocket Research Corporation, December 1969,

Planetary Explorer Liquid Propulsion Study, Rocket Re-
search Corporation, June 1971, *

Propulsion System Reliability Study, Rocket Research
Corporation, September 1974, *

Reaction Engine Module - Monopropellant (FMECA),
Rocket Research Corporation, June 1973, *

Textron Bell Aerospace

Operational Effects on the Life Monopropellant Hydrazine

Devices, Textron Bell Aerospace, October 1975, *




(19)

(20)

(21)

TRW Systems, Incorporated

Bi-Propellant, Mono-Propellant Reliability, R. A.

Paulson, TRW Systems, Repori Number 95254, August 1&.. .

Comparative Rel.ability Study--Monopropellant-Bipropel-
lant Jupiter Mission Systems, R. A. Paulson, TRW Sys-
tems, Incorporated, for JPL, JPL Contract 952545,
Final Report, November 1969,

Half~-Pound Monopropellant Hydrazine Thruster, TRW
Systems Group, December 1968,

Monopropellant Spacecraft Maneuvering and Attitude
Control System, TRW Systems Group, August 1969.

United Aircraft Corporation (See Hamilton Standard)

United Technologies Research Center

Analysis of Gas Pressure Buildups Within a Porous
Caialyst Particle Which Is Wet by a Liquid Reactant,

A. S. Kesten, United Technologies Research Center,
May 1970, *

Analytical and Experimental Studies of the Startup Charac-
teristics of Catalytic Reactors for Hydrazine Decomposition,
A. S. Kesten, United Technologies Research Center,
November 1968, *

Analvtical Study of Catalytic Reactors for Hydrazine
Decomposition, A. S. Kesten, United Technologies
Research Center, undated. *

Ascent Phase Guidance and Orbital Correction Propulsion
Module, A. S. Kesten, United Technologies Research
Center, November 1973, *

A Conceptual Model of Hydrazine Catalytic Reactor Washout
Caused by Decomposition Product Poisoning and Pressure
Buildup, A. S. Kesten, United Technologies Research
Center, November 1972, *
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(22)

(23)

United Technologies Research Center (Continued)

An Integral Equation for Evaluating the Effects of Film

and Pore Diffusion of Heat and Mass on Reaction Rates

in Porous Catalyst Particles, A. S. Kesten, United

Technolcgies Research Center, January 1969, *

Motion Picture St .es of the Startup Characteristics of

Liquid Hydrazine Catalytic Reactors, A. S. Kesten,

United Technologies Research Center, June 1971, *

The Use of Axial Heat Conduction as a Mechanism for

Promoting Exothermic Chemical Reactions in Packed-

Bed Reactors, A. S. Kesten, United Technologies Re~

search Center, September 1970, *

Walter Kidde and Company

300-LBF Monopropellant Hydrazine Thruster Life

Fivaluation, G. M. Hall, T. P. Layendecker, Aerospace

Marketing Division, Walter Kidde and Company for the

U.S. Air Force, Final Report November 1971 - April 1972,
Report Number 4928-FTR-1, AFRPL,-1R-73-23, Con-
tract F04611-72-C~-0027, March 1973.

Other Publications

1, Magazines

"Hydrazine Monopropellant Provides 0.5-600 1h
Thrust," T. W. Price, Space Aeronantics, page 70,
October 1969,

2. Papers/Reports

Thrusters for ESRO '"'Symphonie'' Satellite; 10-N
Thruster is MON 0, 3/MMH, 400-N Thruster

MON 0, 3/AZ 50, Messerschmitt-Bolkow-Blohm
Unternehmenbereich Raumfahrt; Contact is Fortek
Corporation. *
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7.

THERMO-CHEMICAL (BIPROPELLANT)

(1)

(2)

(3)

(4)

Aerojet Liquid Rocket Company

Five-Pound Bipropellant Engine, Aerojet Liquid Rocket
Company, September 1974, *

United States Air Force

Minuteman III Propulsion System Rocket Engine Reliability
and Failure Status Repovt, 5/10/75 through 6/20/75, Space
and Missile Systems Organization, Air Force Systems
Command, Norton Air Force Base, California, Contract
F04701-73-C=-0214, Report Number 8477-928946, *

Ten-Year Surveillance Program Progress Report Bell
Model 8477, 9/1/74 through 2/28/75, Ogden Air Logistics
Center, Air Force Logistics Command, Hill Air Force
Base, Utah, Contract F04701-73-C-0451, Report Number
8477-927789,

Thermodynamics of Rocket Propulsion and Theoretical
Evaluation of Some Prototype Propellant Combustions,
T. Dobbins, Wright Air Development Center, Renort
TR-59-757, December 1959.

JANNAF

""Post-Boost Propulsion Experience,' Major H. W. Galo,
Captain N, Adams, SAMSO, Norton Air Force Base, Pre-
sented at JANNAF Meeting, undated,

Jet Propulsion Laboratory (JPL)

Reliability Analysis (Rough Draft), Jet Propulsion Labora-

tory, Contract Number 952545, September 16, 1969, *

Selected Component List, Jet Propulsion Laboratory,

August 1969, *
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(5) The Marquardt Corporation

Electro-Chemical Propulsion Technology, The Marquardt
Corporation, undated, *

Investigation of Exhaust Nozzle Flow Phenomena in Arc

Jet Engines, L. R. Oswalt and A, Widawsky, The Marquardt
Corporation for NASA, MR 25,052, Contract NAS 8-8951,
May 1962,

Model R-1E 22 Pound Thrust Liquid Rocket Engine, The
Marquardt Corporation, undated, *

Model R-4D 100 Pound Thrust Liquid Bipropellant Rocket
Engine, The Marquardt Corporation, undated, *

"Optimization of Conical Nozzle Angle with Viscous
Velocity Profile," E. Pitkin, The Marquardt Corporation,
Interoffice Memo, December 13, 1962,

Technical Description: Marquardt Model R~1E 22 Pound
Thrust Rocket Engine, The Marquardt Corporation,
October 1972, *

Viscous Laminar Flow in Conical Nozzles, E. Pitkin,
The Marquardt Corporation, MR-20, 187, July 1962,

(6) TRW Systems, Incorporated

Bi-Propellant, Mono-~Propellant Reliability Study, R. A.
Paulson, TRW Systems, Incorporated, Contract Report
Number 95254, August 1969,

Comparative Reliability Study-~-Monopropellant-Bipropel-
lant Jupiter Mission Systems, Final Neport, R. A. Paulson,
TRW Systems for JPL, JPL Contract 952545, Noveniber
1969,
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8. THERMO-CHEMICAL (GENERAL)

(1)

(2)

(3)

(4)

Advanced Technolog_y_Center

Procedure for the Design and Optimization of Liquid Roci.¢

Propulsion Systems, Advanced Technology Center, April

1966, *

Aerospace Corporatiion

Candidate Low Thrust Devices For the Space Station

Reaction Control System, G. Nunz, Aerospace Corporatiorn,
Contract F04701-69~C-0066, Report Number TOR-0066
(5759-03-1), May 1970,

Experimental Performance of Anhydrous Ammonia, D. J.
Griep, Contract Number AF 04 (696) 469, Aerospace
Corporation Report Number TDR-469 (5230-33)-1,
October 1964,

Aerospace Industries

Dynamic Performance of Low Thrust Cold Gas Reaction
Jets in a Vacuum, H, Greer and D. J. Griep, Aerospace

Industries, Report Number TR-669(6230~33)~1, August
1966.

Dynamic Performance of a Subliming Solid React'n Jet,
H. Greer and D. J. Griep, Aerospace Industries, Report
Number TR-1001 (2230-~33)~-1, December 1966.

American Institute of Aeronautics and Astronautics (AIAA)

1. Conferences

"Design Criteria for Subliming Solid Applications, "'
H. M. Kindevater, Presented at ICRPG/AIAA Solid
Propulsion Conference, Anaheim, California, June 6-

8, 1967.




3.

Conferences (Continued)

"Micrethrusters Employing Catalytically Reacted
Gas Mixtures, Tridyne," H. E. Barber, et al, Pre-
sented at the AIAA 6th Propulsion Joint Specialist

Conference, San Diego, California, June 1970,

"Subliming Solid Propulsion System Technology, "
R. F. Eggers, Presented at ICRPG/AIAA Solid
Propulsion Conference, Anaheim, California,
June 6-8, 1967,

Journals

"Dynamic Performance of Low-Thrust, Cold Gas
Reaction Jets in a Vacuum, " H. Greer and D. J.
Griep, AIAA Journal of Spacecraft, Volume 4,
Number 8, page 983, August 1967,

"Thrust and Impulse Requirements for Jet Attitude-
Control Systems,' V. E. Haloulakos, AIAA Journal
of Spacecraft, Volume 1, Number 1, page 84,
January 1964,

PaEers_

"Attitude Control With Hydrogen Microthrusters, "
F. J. Hendel, AIAA Paper 70-613, Presented at the
AJAA 6th Propulsion Joint Specialist Conference,
San Diego, California, June 1970,

"The Chemistry of Subliming Solids For Micro Thrust
Engines, " A. P. Hardt, W. M. Foley and R. L.
Brandon, AIAA Paper 65-595, June 14-18, 1965.

"Design Aspects of Subliming Solid Reaction Control
Systems," W, L. Owens, Jr., AIAA Paper 68-516,
June 1968,

"The Development of Microthrusters in France under
the C.N. E.S. Authority," J. P. Pujes, AIAA Paper
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™

3. Papers (Continued)

10-617, Presented at the AIAA 6th Propulsion Joint
Specialist Conference, San Diego, California, June
1970,

"Low Thrust Mission Risk Analysis,'" C. L. Yen,

D. B. Smith, AIAA Paper Number 73-208, Presenter
at the ATAA 11th Aerospace Sciences Meeting,
Washington, D. C., January 1973, *

"A Review of Micro-Rocket Technology: 107 to
1 1b. Thrust," G. S. Sutherland and M. E. Maes,
AIAA Paper 65-620, June 1965,

"Spacecraflt Capillary Propellant Retention and Cor -
trol for Long-Li‘e Missions," S. C. DeBrock,
AIAA Paper 68-465, April 1968,

"'Synchronous Satellite Station-Keeping, "' M. J.
Neufeld and B. M. Angel, AIAA Paper 66-304,
May 1966.

"Zero Gravity Ammonia Propellant System," W. F.
Krieve, ¥. L. Merritt and R. Grobbi, AIAA Paper
"0-1151, Presented at the AIAA 8th Electric Pro-
pulsion Conference, Stanford, California, September
1970,

United States Air Force

Bambi Phase II. Technical Investigations Single Interceptor
Satellite, Volume 11i, Space Systems Division, Los Angeles
Air Force Station, November 1962, *

Methods for Control of Satellites And Space Vehicles, R. E.
Roberson, Volume 1, Wright Air Development Division,
WADD Technical Report 60-643, July 1960,

Reaction Engine Module Test Evaluations, F. N. Fredrickson,
Air Force Rocket Propulsion Laboratory, Edwards AFB,
Final Report August 1971 - January 1972, Report Number
AFRPI.-TR-72-44, July 1972,




(6)

(7

(8)

(9)

(10)

Allis-Chalmers

A Study of the Feasibility of a Separated OoH, Electro-
thochemical Propulsion System, E. Picciotti, K. Rouch,
and C. Pox, Advanced Electrochemical Products Division,
Allis Chalmers, September 1969.

AVCO Corporation

Reliability Engineering Data Series Failure Rates,
D. R. Earles and M. ¥, Eddins, AVCO Corporation,
April 1962,

Solenoid Valve Qualification Test Report ATS-D/E
Auxiliary Propulsion System, AVCO Corporation for
NASA, Report Number AVSSD-0165-68-CR for
Contract Number NAS 5-10394, August 1988.

Ball Brothers Research Corporation

Final Report and Technical Manual S-16 Orbiting Solar
Observatory, F. D. Dolder, Ball Brothers Resarch
Corporation.

Battelle Memorial Institute

Compatibility of Rocket Propellants with Materials of

Construction, Defense Metals Information Center, Battelle
Memorial Institute, CTS PB-161215, DMTC Memorandum
65, September 15, 1960, *

Bird Enginecring—— Research Assgociates

Reliability of the Cold Gas Attitude Control System,
R. H. Broadhurst, Bird Engineering —Research
Associates, Incorporated, May 1967.
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(11)

(12)

(13)

(14)

(15)

{(16)

(17)

Boeing Aircraft Company

Voyage: '71 Program (Reliability Analysis), Boeing
Aircraft Company, Report D2-23834-1, April 1965.

COMSAT Zorporation

A User Assessment of Servicing in Geostationary Orbit,
COMSAT Corporation, undated. *

Curtiss- Wright

Encapsulated Solid Propellant Rockets, Curtiss-Wright,

Report Number WAD R831, August 1966.

Dayton Univeragity

Experimenta! Evaluation of a Reliability Assesgment
Model for Adhesively Bonded Joints, Dayton University,
June 1974, *

DRL

Viking 75 Project VL.C Reliability Prediction Analysis,
RK-§%§-06§9. DRL Line Ttem Nvmber N3-R002, NAS 1-9000.

Energy Research and Development Administration (ERDA)

Operational Risk and Reliability of Space Transportation
sttems, ERDA, undated. ™

Fairchild Hiller Corporation

Analysis of a Cold Gas Thruster Subsystem for the
Anchored Interplanetary Monitoring Platform Attitude
Control System, Space and FElectronic Systems Division,
Fairchild Hiller Corporation, SSD-165,0, December 1966,




(18)

(20)

(21)

General Electric Company

Application of Cost Effectiveness Criteria as a Basis for

Attitude Control System Selection, R. F. Wanger, Gen-

eral Electric Corporation, Spacecraft Department, Report
PIR 9752-033, April 1, 1964,

"Failure Modes and Effects Criticality Analysis,"

Volume V of Superconducting Propulsion System, B.D.
Hatch and D. L, Kerr, Power Generation and Propulsion
Laboratory, General Electric Company, for the U.S. Navy,
Contract Number N00024-73-C-5488, Report Number
SRD-74-106-%, November 1974,

Giannini Scientific Corporation

Study of the Factors Affecting the Efficiency in Thermal

Acceleration of Propellants, A. C. Ducati, Giannini

Scientific Corporation, Sixth Quarterly Technical Report
6Q@S-113-1161, October 1963,

Hughes Aircraft Company

Hydrazine Electrolysis for Spacecraft Propulsion,

W. W, Butcher, Space Systems Division, Hughes Air-
craft Company for JPL, Report for JPL Contract
Number 951720 ISS080316R, August 1968.

Nonelectric Reliability Notebook, Hughes Aircraft Com-

pany for Rome Air Development Center, NTIS AD/A-005-657,
January 1975,

Spacecraft Attitude Control Gas System Aaalysis,

W. W. Butcher, et al., Hughes Ai.craft Company, Report
SS07017212, April 1967,

Illinois Institute of Technology (IIT)

Aerospace Tanks, Volumes I and II, Illinois Institute of

Technology, Research Institute, IITRI Project C6309,
JPI. Contract 953830, July 1974, *
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(22)

Attitude Control Propulsion Components, Volumes I anr

Illinois Institute of Technology, Research Institute, TITY
C6309, JPL Contract 953830, November 1974, *

Jet Propulsion Laboratory (JPL)

Design and Evaluation of Propellant Tankage for SEPST
Program, J.R. Womack, Jet Propulsion Laboratory,
SPS 37-58, Volume III, August 1969, *

Failure Rate Computations Based on Mariner Mars 1964
Spacecraft Data, F. H. Wright, Jet Propulsion Lab~
oratory, Technical Report 32-1036, January 15, 1967.

Low Thrust Mission Risk Analysis with Application to a
1980 Rendezvous with the Comet Encke, C,I.. Yen,

D. B. Smith, Jet Propulsion l.aboratory, NASA TM 33-594,
March 15, 1973,%

Reliability Computation from Reliability Block Diagrams,
P. O. Chelson, R, E. Eckstein, Jet Propulsion l.aboratory
for National Aeronautics and Space Administration,
Contract NAS 7-100, JPIL. Technical Report 32- 1543,
December 1, 1971.%

Reliability Computation Using FFault Tree Analysis, P.O.
Chelson, JPI. for NASA, Contract NAS 7-100, JPI.
Technical Report 32-1542, December 1, 1971,

Satellite Auxiliary-Propulsion Selection Techniques,
L.. B, Holcomb, Jet Propulsicn I.aboratory, Technical
Report 32- 1505, November 1, 1970,

Ibid, ""Addendum Survey of Auxiliary Electric Propulsion
Systems, " July 15, 1971,

Ibid, "Supplement 1-— Application of Seleciion Techniques
to the ATS-H Satellite, " October 1, 1972, *

Spacecraft Attitude Control Gas Systems Analysis, Jet
Propulsion Laboratory, JPL. Contract 951720, Report
Number SSD 70172R, April 1967, *
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(22)

(23)

(24)

(25)

Jet Propulsion Laboratory (Continued)

Technical Support Package on Reliability Data for

Electronic and Electromechanical Components: A Report,

Jet Propulsion Laboratory, for NASA TECHBRIEF
74- 10280, JPL Invention Report 30-2864/NPO-13153,
April 1975,

"Viking Reaction Control Gas System Weight Reduction
Analysis Phase I," J. D. Ferrera and F. G. Roselli-
Lorenzini, Jet Propulsion Laboratory, Engineering
Memorandum 344-222FGR-L, April 1969,

Life Systems, Incorporated

In- Flight Bipropellant Generator for Attitude Control,

Life Systems, Incorporated, June 1969,

Lockheed Missile and Space Company, Incorporated

Low Thrust Solid and Hybrid Propulsion Systems (Phase II)

Lockheed Missiles and Space Company, for NASA, Con-
tract NAS 7-573, Final Report 1.MSC-£85070, February
1968.

Subliming Solid Reactior Control System, Misgsile & Space

Company, Lockheed Aircraft Corporation, Final Report
Number I.LMSC-679102, October 1957,

Final Report, Subliming Solid Reaction Control System,

Lockheed Missiles and Space Company, Report LLMSC-
55102, Hughes Aircraft Company Purchase Order
44-819904, October 1967,

Martin-Mavietta Corporation

Handbook of Piece Part Failure Rates Long l.ife Spare
Vehicle Investigation, Martin-Marietta Corporation, Task
Authorization TOS 48891, Report Number T-70-48891-007.
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(26)

(27)

(28)

Martin-Marietta Corporation (Continued)

Long-Life Assurance Study for Manned Spacecraft Long-

Life Hardware, R.W. Burrows, Martin-Marietta Cor-

poration for NASA, Contract NAS 9-12359, Volumes 1-5,
Report Number MCR-72-169, Deccember 1972, %

Revision of RADC Nonelectronic Reliability Notebook

(RADC-TR-69-458), Section 2, D.F., Cottrell et. al.,

Martin-Marietta Corporation for the Rome Air Develop-
ment Center, NTIS AD/A-002-152, October 1974, *

Ibid, Index and Revision to Section 2, NTIS AD/A-002-89¢. "

Voyager Studies, Martin-Marietta Corporation, Report

FR-22-103, Volume II, Section I, 1967,

Massachusetts Ingtitute of Technology (MIT)

Wear Particle Formation Mechanisms, H. Koha, N. H.
Cook, Cambridge Materials Processing Laboratory,
Massachusetts Institute of Technology, May 1974, *

McDonnell Douglas Astronautics Company

"Attitude Control and Translation System/Propulsion
Subsystem, ' Sequence Number B242, Volume V of
Laboratory Module/ Effectiveness Model Report, Western

Division, McDonnell Dougias Astronautics Company,
April 1968, *

National Aeronautics and Space Administration (NASA)

AIMP-E Attitude Control System, D. K, McCarthy and

R. H. Corter, Goddard Spacc Flight Center, Report
X-723-68-410, November 1968.

Design Criteria for Spacecraft Propulsion Systems, C.N,

Jennings, Space General for NASA/OART, Contract
NAS 7-519, Final Report, October 1967, *
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(28)

NASA (Continued)

Evaluation and Demonstration of the Use of Cryogenic
Propellants (Op/Hp) for Reaction Control Systems,

N. Rodewald, G. Falkenstein, P. Herr, and E. Provo,
NASA, Report Number NASA CR-72244 (R-6838-2), June 1968.

Evaluation and Demonstration of the Use of Cryogenic

Propellants (02/_H2) for Reaction Control Systems,

N. Rodewald, G. Falkenstein, P. Herr, and E, Provo,
for NASA, Volume II, NASA CR-72244 (R-6838-2), June
1968,

Experimental Performance of a Water- Electrolysis

Rocket, J. R. Rollubler, for NASA, NASA TM X-1737,

February 1969,

Ligquid Rocket Engine Combustion Stabilization Devices,

Design Criteria Office, Lewis Research Center, National
Aeronautics and Space Administration, Report Number
NASA SP-8113, November 1974, *

Measured Steady-State Performance of Water Vapor Jets

for Use in Space Vehicle Attitude Control Systems,

B. E. Tinling, for NASA, NASA TND-1302, May 1962,

Reliability Testing and Demonstration— Aerospace

Problems, Vincent R. Lalli, T.ewis Research Center,

NASA TM X-87877, November 1971,

A Study of Programs for Evaluation of Componen. Lif.,

Marshall Space Flight Center, NASA, Contract
NAS 8-21296, Report Number MCR-69-23686.

A Study of Sterage Technolegy for Various Launch

Vehicle Systems, NASA Contract NAS 8-21296, Report

Number MCR-68-329.

A Study of Total Space life Performanc. of GSFC Space-

craft, A.R. Timm’ns, Goddard Space Flight Cen..r, NASA,
'NASA Technical Note NASA TN D-8017, July 1975,
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(30)

(31)

(32)

United States Navy

An Evaluation of Electric and Hydrazine Propulsion

Systems for Orbit Maintenance, R.V. Silverman, Naval

Space Systems Activity, Final Report NSSA R40-70-3,
May 1971, *

Planning Research Corporation (PRC)

Reliability Data From In-Flight Spacecraft, 1958-1970,
E. E. Bean, C. E. Bloomquist, PRC for the U.S, Navy
Space Systems Activity, Report Number PRC R- 1453,
November 30, 1971, %

A Standardized Approach for the Evaluation of Spacecraft
Relicbility, E. E. Bean, C. E. Bloomquist, PRC for the
U.S. Navy Space Systems Activity, Report Number PRC
R- 1453, November 30, 1971, *

Princeton University

Effects of Insulater Ablation on the Operation of a Quasi-
Steady MPD Arc, Princeton University, November 1973, *

Nuclear Propulsion Systems and Mission Analysis Research:

Reliability, Uncertainty and Risk Analysis of Space Systems,
Prin¢ >ton University, December 1972, «

"Rocketdyne Internal Memorandum, ' A. T, Forrester and
R. C. Speiser, Rocketdyns, RM 433191, to R. H. Boden,
August 1958,

Tridyne Attitude Conirol Thruster Investigation,
S. F. lacobellis, Rocketdyne, Report Number
R-7743P, January 1969.

c-83




(33)

(34)

(35)

(36)

Rockwell International and North American Rockwell

Advanced Composites Design Guide, Rockwell International,
Third Addition, Volumes I-V, AFML, 1973.

Space General Corporation

Design Criteria for Spacecraft Propulsion Systems,
C. N. Jennings, Space General Corporation, Report
Number 1069 FR-1, October 1967.

Design Criteria for Spacecraft Propulsion Systems,

C. N. Jennings, Space General Corporation, Volume V,
Report 1069 FR-1, October 1967.

Procedure for the Design and Opiimization of l.iquid

Rocket Propulsion Systems, C. N. Jennings, Space
General Corporation, Volume II-B, Report SGC 837 FR-1,
April 19686, *

Stanford Research Institute (SRI)

Cost and Reliability Estimates for Chemical Propulsion
Systems, Stanford Researcn Institute, January 1969,

Reliability Estimation for Chemical Propulsion Systems,
Stanford Research Institute for NASA, Proposal Number
MU-69-100, May 13, 1969,

Ibid, Stanford Research Institute for NASA, May 1970.+

TRW Systems, Incorporated

Blastomers for lLiquid Rocket Propellant Containment,

J.W. Martin, H.E. .ireen, Part I, TRW Systems Group,
for the U.S. Air Foice, Technical Report AFMI-TR-71-59,
October 1973,




(37)

Other Publications

1.

Book

Elements of Rocket Propulsion, G, P. Sutton,
John Wiley & Sons Inc., New York, First Edition,
1949,

Conferences

"Electro Chemical Propulsion System, " L, R. Bell
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